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Extract

Artificial intelligence (AI) with the amalgamation of information technology is an important driver
of transformation in every field of life, including the pharmaceutical industry. From the early
stages of drug discovery, extraction, and formulation, followed by improvement and precision in
manufacturing, Al has helped the pharmaceutical industry work more effectively and efficiently
in the production of the highest-quality products. Machine learning (ML) algorithms can easily an-
alyze large datasets in no time to identify potential pharmaceutically effective drugs, characteris-
tics of experiments, parameters of testing, optimize clinical trial designs, and monitor pharmaceu-
tical production processes in real time. These operations significantly reduce drug development
time, costs, and effort; ease complexities; and improve safety and effectiveness, ultimately provid-
ing a competitive edge to many pharmaceutical companies across the globe. However, the incor-
poration of AI into pharmaceutical systems also presents significant challenges; for example,
many pharmaceutical companies face issues with inconsistent or incomplete data, a lack of do-
main-specific technical human resources, and uncertain, debatable ethical concerns, particularly
related to privacy, algorithmic fairness, and transparency in decision-making. The benefits and
advantages of using AI may remain limited until pharmaceutical companies invest in high-quality
data infrastructure, interdisciplinary training of professionals, and clear regulatory frameworks
for procedures. This calls for vital collaboration and joint ventures among pharmaceutical compa-
nies, manufacturing units, research institutions, technology providers, informational technology
houses, drug regulatory bodies, and academia to transform the pharmaceutical landscape by mak-
ing drug development faster, cheaper, safer and more responsive to global health needs.

Keywords

Artificial intelligence; Pharmaceutical industry; Manufacturing precision; Industry 4.0; Healthcare
technology; Drug discovery

Artificial intelligence (AI) has proven to be important for every walk of life and has
become increasingly popular across various sectors worldwide because of its benefits
and efficiency in reducing human effort and time [1]. AT has five major branches, includ-
ing machine learning (ML) (learning for the data and improving over time without being
programmed), deep learning (using artificial neural networks and mimicking the human
brain), natural language processing (understanding, interpreting and generating human
language), computer vision (understanding visual information) and robotics (performing
autonomous tasks with the integration of physical mechanics) [2,3].

The pharmaceutical industry, which is a major component of the healthcare system,
plays a vital role in disease prevention, prophylaxis, treatment, and research. The use of
Alin the pharmaceutical sector has not only reduced human effort and human errors but
also saved time, energy, and cost and has introduced a variety of horizons in drug devel-
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opment, clinical trials, and postmarking surveillance of pharmaceuticals [4]. Large lan-
guage-based systems of AI equip pharmaceuticals with faster hypothesis generation and
evidence-based decision making with the help of data in all stages of a pharmaceutical
services chain [5]. It is estimated that the use of Al in pharmaceutical sciences for manu-
facturing, research and development will increase the pharmaceutical market from USD
0.64 billion in 2024 to 34.8 billion by 2040 across the globe [6].

AT has now simplified the drug development process, an activity that costs the in-
dustry approximately 2.8 billion USD and 10 years of time, with 90% of therapeutic mol-
ecules failing to successfully complete phase II trials [7,8]. Al helps in repurposing known
drug molecules that can directly take partin phase II trials and costs the industry approx-
imately 2.6 billion USD for drug development from scratch [9]. The application of AI for
improving clinical trial design, predicting patient responses, and managing regulatory
documentation potentially reduces the development time by 25-40% and the annual cost
of the pharmaceutical industry by 100 billion USD [10].

The integration of technologies such as “Industry 4.0” and “Quality by Design” (QbD)
has reshaped pharmaceutical manufacturing by streamlining production through auto-
mation, standardization, quality control and risk management. Many pharmaceutical
manufacturing units have incorporated QbD to gain a comprehensive understanding of
product production processes [11,12]. A computer-aided program helps to effectively re-
solve formulation design-related problems and improves the stability of the finished
products [13]. AT algorithms not only help to enhance the quality of service but also opti-
mize production processes via effective quality risk management [14,15]. Recent studies
highlight how AI-driven process control, predictive maintenance, and real-time monitor-
ing are transforming pharmaceutical manufacturing compliance under good manufac-
turing practices (GMPs), while regulators are developing new frameworks to ensure the
safe and transparent use of Al in production [16,17].

Despite the benefits of Al integration in the pharmaceutical sector, the availability
of reliable datasets, lack of trained professionals in information technology, financial
constraints, fear of job displacement and the “black box” aspect of AI pose a challenge
for the pharmaceutical industry to AI in the routine operations of the industry [18]. Fur-
thermore, no Al-developed drug has yet fully obtained regulatory approval from authen-
tic international regulatory agencies [19,20]. To gain the complete benefits of AI in phar-
maceutical manufacturing and research, overcoming these major barriers with intersec-
toral coordination and policy development is important [21,22]. Ethical issues such as
issues of data privacy, algorithmic bias, and concerns of job replacement need to be ad-
dressed to ensure the worthwhile and appropriate use of Al in pharmacies [23].

In summary, Al is considered an incentive for pharmaceutical innovation, as it re-
sponds to major challenges such as drug development costs, time, safety and manufac-
turing accuracy. However, successful integration involves overcoming quality problems
in data, a lack of trained experts, and ethical issues. The growing evidence base and rapid
technological advances in the contemporary world strongly justify AI's transformative
role in achieving faster, safer, and more cost-effective pharmaceutical development, sup-
porting the argument that Al integration is not only beneficial but also essential for the
pharmaceutical industry’s future [24]. By strategically integrating Al into pharmaceutical
manufacturing and research, the industry can achieve significant advancements, en-
hancing global healthcare.
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Abstract

Diabetes mellitus (DM) is a chronic metabolic disorder associated with hepatic dysfunction caused
by persistent oxidative stress and hyperglycemia. The establishment of safe plant-based therapies
to manage diabetes-related hepatic injury has been an important research area. This experimental
study determined the hepatoprotective effect of Cichorium intybus (Kasni) seed extract on alloxan-
induced diabetes in mice via histopathological evaluation. Thirty male albino mice were selected
and randomly divided into three groups (n = 10 each): the nondiabetic control group, the diabetic
untreated group, and the diabetic Kasni-treated group. Type 2 diabetes was induced by the intra-
peritoneal administration of alloxan monohydrate (150 mg/kg). Aqueous extracts of Kasni seeds
(400 mg/kg) were orally administered once a day for 28 days to the mice in the treatment group,
and gross liver morphology and histological features were studied for changes via hematoxylin and
eosin (H&E) staining. The results of the present study revealed that untreated diabetic mice pre-
sented elevated blood glucose levels, enlarged pale livers, and histological features indicating he-
patic injury, including hepatocellular vacuolation, sinusoidal congestion, and early pericentral fi-
brosis. Diabetic mice treated with Kasni presented near-normal hepatic histological features; fur-
thermore, the structure of the central vein was restored, orderly hepatocyte plates formed, and no
inflammation, steatosis or fibrosis was observed. The gross morphological features revealed that
the liver color and texture were similar to those of the control group. The study concluded that
Cichorium intybus has a hepatoprotective effect against diabetes-related liver damage because of
the antioxidant and anti-inflammatory properties of the active ingredients in the plant.

Keywords

Cichorium intybus; Kasni seeds; Hepatoprotective effects; Histological analysis; Diabetes-induced
mice; Alloxan; Liver health

1. Introduction

Type 2 diabetes mellitus (T2DM) is an insulin-resistant metabolic disorder that is
characterized by metabolic dysregulation, progressive f3-cell dysfunction and insulin re-
sistance; therefore, the role of the liver is important in both the pathogenesis and com-
plications of diabetes [1]. The prevalence of diabetes across the globe is increasing, and
itis estimated that 589 million people from 20-79 years of age are suffering from diabetes;
furthermore, the global prevalence is estimated to exceed 700 million individuals by the
year 2045 [2,3]. Despite advancements in pharmaceutical drug development and manu-
facturing technologies, conventional pharmacological agents, including metformin, sul-
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fonylureas, and thiazolidinediones, have been proven to be ineffective in organ protec-
tion, mitigating adverse effects, and increasing patient compliance [4,5].

Chronic hyperglycemia and insulin resistance generate oxidative stress, lipotoxi-
city, and inflammation in liver cells, which leads to structural and functional liver dam-
age [6,7]. Therefore, natural compounds with multitarget antioxidant, anti-inflamma-
tory, and hepatoprotective activities have attracted scientific interest as potential ad-
juncts to standard pharmacological therapy [8,9]. Medicinal plants remain a key source
of novel bioactive compounds, and numerous phytochemicals have been shown to im-
prove insulin sensitivity and protect hepatic architecture in preclinical models of diabe-
tes [10].

Among these, Cichorium intybus L. (chicory; commonly known as Kasni) is a me-
dicinal herb with a long ethnopharmacological history in Unani and Ayurvedic medicine
[11,12]. Its phytochemical profile includes inulin-type fructans, chicoric acid, chloro-
genic acid, sesquiterpene lactones, flavonoids, and phenolic acids that collectively con-
tribute to antioxidant, hypoglycemic, and hepatoprotective actions [13,14]. Recent mech-
anistic evidence indicates that these compounds modulate AMPK and PPARa signaling,
suppress NF-xB activation, and inhibit NLRP3 inflammasome assembly, thereby mitigat-
ing hepatic oxidative injury and inflammatory cascades in diabetes and nonalcoholic
fatty liver disease (NAFLD) [15,16,17].

Over the past five years, experimental and clinical studies have strengthened the
scientific basis for the metabolic and hepatic benefits of chicory. Animal studies have
shown that C. intybus seed and leaf extracts significantly reduce fasting glucose, serum
triglyceride, and liver enzyme levels while restoring antioxidant enzyme activity and nor-
mal hepatic histology in alloxan- or streptozotocin-induced diabetic rodents [18,19,20].
Parallel clinical studies reported modest improvements in glycemic control, liver func-
tion, and inflammatory markers in patients receiving chicory supplementation [21,22].
In addition, chicory polysaccharides have been shown to reduce hepatic steatosis via
AMPK activation and the downregulation of lipogenic genes [23].

Although these results are promising, there are few reports on the hepatoprotective
efficacy of C. intybus seed extract in diabetic models with histopathological validation.
This study investigated the hepatoprotective and antidiabetic activities of Cichorium inty-
bus seed extract in alloxan-induced diabetic mice, with a focus on the biochemical and
histopathological features of hepatic recovery.

2. Methodology
2.1. Study design and ethical approval

This controlled experimental study was designed to assess the hepatoprotective and
antidiabetic effects of the seed extract of Kasni in alloxan-induced diabetic mice. The ex-
perimental work was conducted at the Department of Zoology, University of Education,
Lahore, after approval was obtained from the Institutional Ethical Review Board of the
University of Education, UE/IRB/2023/CHEM-011. The study is presented according to the
ARRIVE 2.0 guidelines on the reporting of animal experiments to ensure reproducibility
and transparency of the research [24].

2.2. Sample size determination

The study included a total of 30 mice, with 10 animals in each of the three groups. A
formal a priori sample size calculation was not conducted at the time of study planning.
The number of animals selected was based on practical feasibility, adherence to ethical
principles for minimizing animal use, and reference to previously published alloxan-in-
duced diabetic mouse models that commonly used approximately 10 animals per group
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for histopathological and organ-level evaluation [24,25]. In line with the ARRIVE 2.0
guidelines, the study provides transparent reporting on how the sample size was deter-
mined. While adequate for preliminary assessment, this sample size may limit the statis-
tical power of the study.

2.3. Experimental animals and housing

Thirty male albino mice (Mus musculus), 5-6 weeks of age and approximately 25 g,
were procured from the University of Veterinary and Animal Sciences (UVAS), Lahore.
Before experimentation, the mice were allowed to acclimatize for two weeks under
standard laboratory conditions of temperature, humidity, and light. The animals were
housed in steel cages with softwood bedding maintained at 29 + 2 °C, 40-60% relative hu-
midity, and a 12-h light/dark cycle, with free access to the standard pellet diet and water
ad libitum. A maximum of five mice were placed in each cage, and the bedding was re-
newed twice a week. Nesting tissue and paper tubes were also used to reduce stress.

2.4. Induction of experimental diabetes

Type 2 diabetes was induced by intraperitoneal injection of freshly prepared alloxan
monohydrate (Sigma-Aldrich, USA) at a dose of 150 mg/kg body weight dissolved in nor-
mal saline after an overnight fast. The alloxan solution was prepared just before injection
and kept on ice to minimize oxidative degradation. [26,27] To avoid transient hypoglyce-
mia, the animals were given 5% glucose solution for 24 hours post-injection. Blood glu-
cose was measured through the tail vein via a glucometer (Accu-Chek Active, Roche Di-
agnostics, Germany) on the 1%, 3*4 and 7 days after injection. Animals with blood glu-
cose levels greater than 250 mg/dL on day 7 were considered diabetic and were selected
for further experiments [28,29,30].

2.5. Preparation and administration of Cichorium intybus seed extract

Seeds of kasni were obtained from a certified local herbal supplier in Lahore and
authenticated by the Department of Botany, University of Education. Seeds were washed
with distilled water, shade-dried at room temperature, and pulverized via an electric
grinder. Five grams of seed powder was soaked overnight in 100 mL of distilled water and
then heated at 70-80 °C for 15 minutes. After cooling, the mixture was filtered through
Whatman No. 42 filter paper, and the filtrate was stored at 4 °C until use. A yield of 12%
w/w was acquired after extraction, and the extracts were given seven days of post prepa-
ration to ensure stability.

2.6. Experimental grouping and treatment

Diabetes was induced in Groups B and C via the intraperitoneal injection of alloxan,
whereas Group A served as the nondiabetic control. Blood glucose levels were checked
on days 1, 3, and 7 after induction, and mice with glucose > 250 mg/dL on day 7 were
considered diabetic. From day 7 onward, Group C received aqueous Kasni seed extract
orally at a dose of 400 mg/kg once daily for 28 days through a micropipette, whereas
Group B received a corresponding volume of normal saline. Group A received no treat-
ment. Body weight and blood glucose levels were recorded weekly throughout the study
period [31,32].

2.7. Sacrifice and tissue collection

Atthe end of the 28-day treatment period, all the animals were euthanized humanely
via CO, inhalation followed by cervical dislocation, according to the American Veterinary
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Medical Association (AVMA) Guidelines for Euthanasia of Animals [33]. The abdominal
cavity was opened via a midline incision, and the liver was excised, rinsed gently with
normal saline to remove blood, and immediately fixed in 10% neutral buffered formalin
(NBF) at a tissue-to-fixative ratio of 1:10 for 48 hours. To minimize batch variability, all
samples were fixed and processed within a 48-hour period.

2.8. Histopathological processing and microscopic evaluation

After fixation, the liver tissues were dehydrated through graded ethanol (70%, 80%,
90%, 95%, and 100%), cleared in xylene, and embedded in paraffin wax. The paraffin
blocks were sectioned at a thickness of 4 um via a rotary microtome (Leica RM2125 RTS,
Germany). The sections were floated in a 40 °C water bath, mounted on clean slides, and
dried overnight. Hematoxylin and eosin (H&E) staining was performed according to
standard histological protocols [34].

For each animal, three nonconsecutive sections from three different levels of the
liver block (spaced 75-100 um apart) were prepared and examined to capture representa-
tive hepatic morphology. The slides were observed under a light microscope (Olympus
BX43, Japan) at magnifications of 10x, 40x, and 100x. Photomicrographs were taken via a
digital camera (Olympus DP25) attached to the microscope. All histopathological evalua-
tions were conducted independently by three experienced histopathologists blinded to
group allocation, and discrepancies were resolved by joint review. Liver sections were
assessed for hepatocellular degeneration, necrosis, sinusoidal dilation, inflammation,
and steatosis. Histological alterations were graded semiquantitatively according to a
modified scoring system based on Kleiner et al. [35].

2.9. Histopathological analysis

Thirty mice were divided equally into three groups (n = 10 per group). The selected
group size was informed by previously published alloxan-induced diabetic mouse mod-
els that commonly used approximately 10 animals per group for organ-level and histo-
pathological evaluation [24,25]. The present sample size aligns with these precedents and
reflects ethical considerations to avoid unnecessary animal use. All histological data
were analyzed via GraphPad Prism version 10.0 (GraphPad Software, USA).

3. Results
3.1. Gross observations

At dissection, the livers of nondiabetic mice appeared normal, smooth, and uni-
formly reddish-brown with sharp margins and no visible surface nodules or congestion,
indicating normal hepatic morphology. Livers from untreated diabetic mice were paler
in color and presented a slightly greasy appearance, suggesting fatty changes in the liver;
furthermore, mild lobular congestion was observed in some of the diabetic mice. Livers
of Kasni-treated diabetic mice showed partial restoration of normal color and con-
sistency of the liver, with no gross nodules and minimal dullness, highlighting improve-
ment in morphological features compared with those of the untreated diabetic group.

3.2. Blood glucose trends

Following alloxan administration, random blood glucose levels increased in un-
treated diabetic mice and Kasni-treated mice by the third day and stabilized above 250
mg/dL by day seven, confirming successful diabetes induction in these mice. Nondi-
abetic mice maintained normoglycemia throughout the experiment. During the 28-day
treatment phase, the untreated diabetic mouse group maintained continually increased



Bull Pharm Med Res 2024;3:5-14.

blood glucose values (typically > 300 mg/dL), whereas the Kasni-treated mouse group re-
vealed a progressive decline in blood glucose levels, reaching near-normal levels (~160-
180 mg/dL) at the time of sacrifice.

3.3. Nondiabetic control

Liver sections from nondiabetic mice presented normal lobular features; hepato-
cytes were polygonal in shape with centrally placed nuclei and were arranged in a one-
cell-thick line radiating from a clearly defined central vein (Figure 1). The sinusoids were
narrow and regularly distributed, and the Kupffer cells were normal in number and
morphology. The portal triad, consisting of the portal vein, hepatic artery, and bile duct,
appeared intact without inflammation or fibrosis.
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Figure 1. Histology of the control group. (a) Portal triad showing the artery (A), bile duct (B), and
portal vein (C). (b) Central vein (A) with radially arranged hepatocyte cords (B) and normal
sinusoids (C). H&E x 400.

3.4. Diabetes untreated

In the diabetic untreated group, hepatic lobular organization was disrupted (Figure
2). The hepatocytes displayed cytoplasmic vacuolation and fatty degeneration (macrove-
sicular steatosis), with occasional ballooning and nuclear pyknosis. The central veins
were dilated, and mild sinusoidal congestion was observed. Portal tracts exhibited in-
flammatory infiltration by mononuclear cells, whereas focal pericentral collagen depo-
sition indicated early fibrosis. Approximately 8 of the 10 diabetic mice demonstrated var-
ying degrees of these histologic alterations. No regenerative nodules or bridging fibrosis
were identified.
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Figure 2. Histology of the diabetic untreated group. (a) Central vein (A) showing a dilated lumen
and surrounding hepatocyte degeneration (B); sinusoids (C) appear congested. (b) Pericentral area
showing mild collagen deposition (A) and focal inflammatory infiltration (B). H&E x 400.

3.5. Diabetic Kasni-treated

Sections from the Kasni-treated group demonstrated remarkable reversal of diabetic
hepatic injury (Figure 3). Hepatocytes exhibited near-normal morphology with reduced
cytoplasmic vacuolation and the restoration of regular hepatic cords around a patent cen-
tral vein. Steatosis and inflammation were minimal, and sinusoidal spaces were compa-
rable to those of the controls. Only 2 of the 10 mice displayed mild residual fatty acid
changes. No fibrosis or inflammatory foci were detected. These histological improve-
ments correspond with the observed reduction in blood glucose levels following Kasni
extract administration.

(a) (b)

Figure 3. Histology of the Kasni-treated diabetic group. (a) Central vein (A) with organized hepatic
plates (B) and normal sinusoidal spaces (C). (b) Higher magnification image showing the absence
of steatosis and inflammatory infiltrates. H&E x 400.



Bull Pharm Med Res 2024;3:5-14.

11

4. Discussion

The untreated diabetic mice developed both gross and microscopic features of liver
injury, including enlargement of the liver and pallor, cytoplasmic vacuolation of liver
cells, sinusoidal congestion, and deposition of early pericentral collagen. These histolog-
ical changes are consistent with diabetes-related steatohepatitis and reflect oxidative and
metabolic stress within the liver parenchyma. In contrast, the administration of aqueous
Kasni seed extract orally for 28 days significantly improved liver changes in the Kasni
treatment group, which presented near-normal hepatic features with the restoration of
the central vein, arranged hepatic cords, and the absence of inflammation, steatosis or
fibrosis. The gross appearance of the liver was also normal, with restoration of its color,
texture, and consistency. These findings highlighted that C. intybus seed extract has a
hepatoprotective effect on alloxan-induced diabetic mice, supporting its use as a hepato-
protective agent and an alternative to conventional pharmaceutical agents used for dia-
betes-related liver pathologies.

Hyperglycemia, the defining feature of DM, plays an important role in hepatic im-
pairment. It causes oxidative stress and inflammation, resulting in histopathological
characteristics such as ballooning of hepatocytes, steatosis, dilatation of sinusoids, and
fibrosis [36,37]. These metabolic abnormalities may lead to hepatic steatosis, fibrosis,
and hepatocellular injury, especially in the absence of blood glucose control [38]. Studies
have reported that metabolic abnormalities such as obesity, dyslipidemia, and insulin
resistance, which are frequently found in individuals with T2DM, are major contributors
to nonalcoholic steatohepatitis (NASH) as well as other chronic liver diseases [39]. More-
over, Li et al. reported that diabetes can lead to nuclear abnormalities in the cells of the
liver, including nuclear enlargement, binucleation, and irregularity of chromatin distri-
bution, all of which are features of nuclear stress [40].

Histopathological examination of the liver tissues of diabetic Group B mice treated
with saline revealed extensive pathological features, such as hepatic fibrosis, central vein
irregularity, distension of the hepatic sinusoids, and intracellular fatty globules within
hepatocytes. These are typical characteristics of hepatic steatosis and fibrosis, both of
which are typically linked with diabetes-induced liver damage. These results concur with
those of Qureshi et al., who examined the role of alloxan in the liver cells of diabetic rats
and documented comparable patterns of structural alterations in the central vein as well
as in hepatic cells, accompanied by increased fibrosis [41]. Moreover, Dubey et al. re-
ported that diabetic rats exhibit dilated sinusoids as well as increased cellularity of Kup-
ffer cells, features also observed in our control group of diabetic mice [42].

However, in contrast to the results of Groups A or B, in Group C (diabetic mice
treated with Kasni), the liver histology showed remarkable recovery. The central vein
had a normal structure, the cords of hepatocytes were arranged regularly, and fatty infil-
tration decreased significantly. Reduced inflammation in hepatic sinusoids as well as the
absence of fibrotic zones suggested that treatment with Kasni resulted in histological re-
covery. These results are in line with earlier observations of the hepatoprotective activity
of Kasni. Amirkhani et al. reported that treatment with Kasni restored the normal struc-
ture of the central vein, reduced dilation of the sinusoid, and abolished fat globules in
liver tissues with oxymetholone toxicity [43]. Additionally, Yadav et al. reported that
Kasni protected against carbon tetra chloride-evoked liver injury in rats, verifying its ef-
fectiveness in decreasing fibrosis as well as hepatocellular necrosis [44].

The antioxidant and anti-inflammatory activities of the bioactive phytochemicals of
Kasni, such as chicoric acid, caffeic acid, and inulin, are also considered to be the reasons
for such hepatoprotective actions [45]. Phytochemicals have the capacity to scavenge re-
active oxygen species and suppress inflammatory cytokine production, protecting he-
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patic cells from oxidative and inflammatory damage [46]. The alignment of hepatic cells
and lack of steatosis in the Kasni-treated group are also indicative of the cytoprotective
action of Kasni extract in reducing diabetes-related liver damage.

In addition to liver protection, Kasni therapy also caused a reduction in blood glu-
cose in diabetic mice. The antihyperglycemic activity of chicoric acid, the predominant
compound in Kasni, supports the results of this study [47]. This dual activity of drugs to
control glycemia and protect the liver presents Kasni as an ideal adjunct therapy for dia-
betes treatment.

The experimental design, use of an alloxan-induced diabetic mouse model, inclu-
sion of both untreated and Kasni-treated groups with a control group, standardized ani-
mal handling and dosing protocols, and combination of gross morphological features as
well as histopathological analysis to obtain evidence highlight potential strengths of the
study. However, the study did not consider biochemical and molecular parameters or
liver enzyme profiles, and no statistical analysis was employed to quantify the extent of
hepatic recovery. Moreover, the limited sample size may restrict the generalizability and
statistical robustness of the findings. Further research with larger groups is needed to
substantiate these observations.

5. Conclusions

The findings of this study highlighted that aqueous seed extract of Kasni provides
hepatoprotection in alloxan-induced diabetic mice and that treatment with Kasni effec-
tively restored hepatic structures, reduced steatosis and inflammation, and normalized
gross liver morphology compared with those of untreated diabetic controls. These find-
ings also suggest that Cichorium intybus has potential as a complementary therapeutic
agent for diabetes-related liver injuries.
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Abstract

Excess fructose intake is a main contributor to metabolic syndrome, which causes dyslipidemia,
nonalcoholic fatty liver disease (NAFLD) and insulin resistance. The present study examined the
protective effects of quercetin, quinoa seed extract (QSE), and kaempferol against high-fructose
diet (HFrD)-induced pancreatic and hepatic alterations in Wistar albino rats. Thirty rats were di-
vided into six groups (n = 5, each group consisted of 5 rats): the control group, HFrD + metformin
group, HFrD + kaempferol group, HFrD + quercetin group, and HFrD + QSE group. Treatments
were administered orally for 21 days following induction with 61% fructose. Biochemical function
tests were performed for hemoglobin (Hb) and alanine aminotransferase (ALT) levels, and histo-
pathological analyses of hepatic and pancreatic architecture were performed. The results showed
that HFrD intake significantly increased ALT levels and body weight, accompanied by hepatocel-
lular degeneration and inflammatory changes in pancreatic -cells. Kaempferol, quercetin, and
QSE administration significantly increased the Hb concentration, decreased ALT activity, and re-
duced vacuolar degeneration and hepatic necrosis. Kaempferol and quercetin resulted in nearly
normal hepatocyte morphology among the test compounds, while QSE resulted in the greatest de-
crease in net weight gain. In the treated groups, pancreatic sections revealed the integrity of the
islets of Langerhans and decreased inflammation of the islets. This study demonstrated that flavo-
noids from plants and the QSE have hepatoprotective and pancreatic protective effects through
antioxidant and anti-inflammatory mechanisms; hence, these compounds are potentially useful as
therapeutic agents in the management of fructose-induced metabolic dysfunctions.

Keywords

Kaempferol; Quinoa seed extract; Quercetin; Pancreatic and pancreatic protection; High-fructose
diet

1. Introduction

Metabolic syndrome, a medical condition worldwide, is generally associated with
diabetes mellitus (DM), insulin resistance, dyslipidemia, and increased triglyceride and
cholesterol levels, which are often accompanied by liver and pancreas dysfunction [1].
Excessive fructose intake is one of the contributing factors to type 2 diabetes mellitus
(T2DM). High fructose intake causes oxidative stress and inflammation in pancreatic
beta cells, leading to impaired insulin production and secretion, thus causing hypergly-
cemia [2]. Excess fructose intake contributes to visceral adipose deposition and hepatic
steatosis to promote the production of inflammatory mediators, increasing the risk of
chronic diseases such as T2DM and nonalcoholic fatty liver disease (NAFLD) [3]. NAFLD,
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a disease characterized by fat deposition on hepatocytes, is associated with an abnormal
lipid profile, including low-density lipoprotein (LDL) and high cholesterol levels [4]. Bi-
omarkers such as aspartate aminotransferase (AST) and alkaline phosphatase (ALP) in-
crease due to hepatocellular injury. Chronic fructose consumption significantly contrib-
utes to cirrhosis, hypertriglyceridemia and NAFLD [5].

Pakistan ranks third in the world in terms of diabetes prevalence, followed by China
and India. The national prevalence of diabetes has consistently increased over recent
years, increasing from 11.77% in 2016 to 16.98% in 2018 and 17.1% in 2019 [6]. According
to the latest International Diabetes Foundation (IDF) atlas in 2023, approximately 33 mil-
lion adults are living with T2DM in Pakistan, making it the third-largest population with
diabetes in the world. In addition, approximately 11 million adults have impaired glucose
tolerance, placing them at high risk of progression to diabetes, whereas approximately
8.9 million people with diabetes are still undiagnosed [7]. The variability in the preva-
lence of gestational diabetes mellitus (GDM) in Pakistani people is also reflected by its
wide range, ranging from 4.41% to 57.90%, across different studies [8].

The therapeutic potential of medicinal plants has gained increased scientific atten-
tion. Bioactive plant constituents such as kaempferol have shown beneficial effects on
hypertension, pancreatic disorders, and DM [9]. Flavonoids are naturally occurring pol-
yphenolic compounds that are widely distributed among vegetables and fruits, including
radish, parsley, grains, oregano, leafy greens, and citrus fruits such as oligomers, agly-
cones and glucosides [10]. Glucosides include quercetin, naringin, kaempferol, and hes-
peridin [11].

Among these, the most powerful hepatoprotective and antidiabetic properties are
exhibited by kaempferol and quercetin. Quercetin is involved in reducing pancreatic in-
flammation, which moderates Carnitine palmitoyltransferase I (CPT-1) expression to in-
crease fatty acid oxidation, thereby reducing NAFLD progression [12]. Kaempferol stabi-
lizes normal liver function by inhibiting inflammatory mediators and reducing hepatic
triglyceride accumulation through the downregulation of peroxisome proliferator-acti-
vated receptors (PPAR) and sterol regulatory element binding transcription factor 1
(SREBP-1) [13]. Quercetin offers further protective benefits against metabolic syndrome,
liver cancer, and cardiovascular disease by suppressing NF-kB activation and reducing
the secretion of proinflammatory cytokines such as IL-6, TNF-a and IL-1a [14,15]. Flavo-
noids have been demonstrated to be effective antidiabetic therapeutic agents because
they protect pancreatic beta-cell integrity and support glucose homeostasis. In type 1 di-
abetes mellitus (T1DM), autoimmune beta-cell destruction results in high blood sugar
levels, whereas long-standing insulin resistance contributes to T2DM [16]. Kaempferol
and quercetin protect beta cells from apoptosis. Kaempferol has been shown to specifi-
cally inhibit the activity of caspase-3 [17].

Chenopodium quinoa Willd. (Chenopodiaceae) consists of approximately 250 spe-
cies that are spread all over the world. Owing to its gluten-free nature, quinoa is con-
sumed by patients suffering from celiac disease and is considered highly nutritious. Qui-
noa seed extract (QSE) includes various flavanols, such as kaempferol glycosides, apig-
enin and quercetin [18]. QSE improves the lipid profile, mineral balance, protein metab-
olism, and blood glucose regulation [19]. It has been shown to lower total cholesterol,
triglyceride, LDL, blood sugar, and circulating protein levels [20]. Therefore, this study
aimed to compare the effects of standard therapy (metformin) and natural compounds
(quercetin, kaempferol, and QSE) on metabolic syndrome and to evaluate the protective
effects of these compounds against high-fructose diet (HFrD)-induced hepatic and pan-
creatic alterations.
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2. Materials and methods
2.1. Study design and approval

This experimental study was approved by the Directorate of Graduate Studies, Uni-
versity of Agriculture, Faisalabad (No. 5738-27/DGS). The study was based on an animal
model; young albino Wistar rats were obtained from Government College University, Fai-
salabad, and the study was conducted at the Institute of Physiology and Pharmacology,
University of Agriculture Faisalabad, Pakistan.

2.2. Selection of drugs

Kaempferol and quercetin were selected as representative pure flavonoids because
of their well-documented antidiabetic, antioxidant, and hepatoprotective activities, in-
cluding the modulation of insulin signaling, lipid metabolism, and pancreatic $-cell pro-
tection [21,22]. QSE was included to assess the synergistic effects of multiple phytochem-
icals naturally present in quinoa, particularly kaempferol and quercetin glycosides,
which may act additively or synergistically to enhance therapeutic outcomes [23]. The
comparative evaluation of these pure compounds and a whole-plant extract allow a
broader assessment of both isolated bioactive molecules and complex phytochemical
mixtures in mitigating high-fructose diet (HFrD)-induced hepatic and pancreatic altera-
tions.

2.3. Collection of drugs and chemicals

All the compounds were prepared in vehicle dimethyl sulfoxide (DMSO, 250 pL) di-
luted with 60% distilled water for administration. Metformin (chemical formula C,H,; N,
molar mass ~129.1 g/mol) is a first-line medication for T2DM and was obtained commer-
cially under the name Glucophage. Quercetin and kaempferol were obtained from com-
mercial sources [24]. Quinoa seeds were sourced and extracted via standard solvent ex-
traction methods [25]. D-fructose (Sigma-Aldrich) was purchased to induce HFrD.

2.4. Experimental grouping

This study involved 30 albino Wistar rats weighing 150-200 grams. Thirty rats were
divided into 6 groups (n =5 per group). Group 1 served as the control group and was given
a standard diet. Group 2 served as the disease model (HFrD 61% only). Group 3 received
HFrD + metformin (M) (HFrD + M, 61% fructose + 100 mg/kg body weight, orally). Group
4 received HFrD + kaempferol (K) (HFrD + K, 61% fructose + 100 mg/kg). Group 5 received
HFrD + quercetin (Q) (HFrD + Q, 61% fructose + 100 mg/kg). Group 6 received HFrD +
QSE (HFrD + QSE, 61% fructose + 200 mg/kg). All the treatments were given orally.

2.5. Administration of drugs

In the first week of the study, a HFrD was given to all the groups except the control
group (which was fed a normal diet and received no treatment). Drug administration was
initiated in the second week. Kaempferol, quercetin, and QSE were administered to the
respective treatment groups (HFrD + K, HFrD + Q, and HFrD + QSE) via oral gavage for 3
weeks. All the compounds were delivered in 250 uL of DMSO diluted with 60% distilled
water. The treatments were given daily, and the experiment lasted a total of 28 days. The
body weights of all the rats were measured daily throughout the 28 days. On day 29 of the
trial, the animals were euthanized for sample collection; blood samples and liver and
pancreas organs were collected from all 6 groups in accordance with ethical guidelines.
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2.6. Data collection procedure

The rats were anesthetized via the inhalation of chloroform via cotton swabs. Under
deep anesthesia, an incision was made in the left jugular vein to collect a blood sample
(~2 mL) in an EDTA vial for complete blood count (CBC) analysis. The remaining blood
was collected into clot activator (red-top) tubes to obtain serum for biochemical analyses
[alanine aminotransferase (ALT) and AST levels]. After dissection, the liver and pancreas
from each rat were harvested and placed in 10% neutral buffered formalin for preserva-
tion.

2.7. Histopathological analysis

Liver and pancreas tissue samples were fixed in 10% neutral buffered formalin and
then processed through graded ethanol for dehydration. Xylene was used to clear the
tissues, which were then embedded in paraffin wax. Five-micrometer-thick sections
were cut via a microtome. Hematoxylin and eosin (H&E) staining was performed follow-
ing standard protocols. The stained sections were mounted and examined via light mi-
croscopy for histopathological changes.

2.8. Statistical analysis

Descriptive statistics [mean + standard error (SE)] were calculated for body weight,
white blood cell (WBC) count, and hemoglobin (Hb), ALT, and AST levels for each group
via SPSS version 24.00.

3. Results

Table 1 shows that the terminal average weight of all six groups was greater than the
initial average weight. Minimal weight gain was observed in all groups during the first
week; however, weight increased in the second week and continued to rise throughout
the trial. The groups receiving kaempferol, quercetin, or QSE gained less body weight
than the untreated HFrD group did. Moreover, the HFrD + QSE group presented the low-
est net weight gain over the course of the experiment. Compared with the control group,
the HFrD group presented the greatest weight gain, whereas the HFrD + QSE group pre-
sented the smallest weight gain.

Table 1. Weekly average body weights (in grams) of the rats measured during the four-week
experimental period.

Days Control HFrD HFrD +M HFrD + K HFrD +Q HFrD + QSE
Mean + SE Mean + SE Mean + SE Mean + SE Mean + SE Mean + SE
15t Week
1 175.4+1.2 186.8 +1.4 183.0+0.5 174.2£ 0.6 156.8 £ 0.5 203.6+1.7
2 174.6 £ 1.1 185.6 + 1.4 183.2+0.5 175.6 £ 0.6 152.0+£ 0.5 194.2+1.7
3 178.0+ 1.1 186.2+ 1.4 184.8 £ 0.6 177.0+ 0.6 158.4+0.5 197.2+1.7
4 178.8 £ 1.1 186.0 +1.4 189.0+0.7 178.2+ 0.6 161.4+0.5 195.2+1.6
5 180.4+ 1.1 188.4+1.4 191.2+0.6 179.8 £ 0.6 164.0 £ 0.5 197.6 £ 1.6
6 179.4+£1.0 188.0+ 1.4 191.6 £ 0.6 180.4+0.7 165.4+0.5 199.2+1.6
7 180.6 + 1.0 184.8 +1.4 187.8 £ 0.6 184.2+ 0.6 163.8 +£0.5 197.8 +1.8
2 Week
8 188.6 £ 0.9 186.6 + 1.4 192.0+£ 0.6 183.8+ 0.6 163.8 £ 0.5 194.8 +1.7
9 194.0+ 0.8 204.4+1.3 205.6 £ 0.6 199.6 £ 0.7 188.0 £ 0.4 210.6 +1.7
10 185.2+0.9 186.2+1.4 196.0 £ 0.6 183.6 £ 0.6 171.8 £ 0.4 202.4+1.7

11 187.4£0.8 190.8 £ 1.4 200.2+0.7 186.8 £ 0.6 182.8 £0.5 203.4+1.7
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Days Control HFrD HFrD +M HFrD + K HFrD +Q HFrD + QSE
Mean * SE Mean = SE Mean + SE Mean = SE Mean = SE Mean  SE

12 196.4+0.8 202.8+1.3 193.8+1.1 194.6 £ 0.7 186.8 + 0.4 209.4+1.6
13 194.0+ 0.8 204.4+1.3 205.6 £ 0.6 199.6 £ 0.7 188.0 £ 0.4 210.6 +1.7
14 196.8 £ 0.7 212.2+1.2 210.6 £ 0.6 213.0+0.6 190.0 £ 0.4 213.0+1.5

3 Week
15 197.6 £0.7 210.0+1.2 212.2+0.6 216.6 £ 0.6 189.4+0.5 222.6+1.5
16 205.0+0.7 211.0+1.1 208.2+0.7 217.4+0.6 189.2 £ 0.4 219.6+1.5
17 208.6 +0.7 216.2+1.3 210.0+0.7 212.0+0.6 188.6 £ 0.5 228.2+1.6
18 209.2+0.7 215.8+1.2 210.2+0.6 208.8+0.6 192.2+0.5 227.4+1.5
19 209.8+0.7 216.8+1.3 211.4+0.6 210.4+0.6 194.4+0.5 229.6+1.5
20 209.0+0.7 235.0+1.1 218.6 £ 0.6 224.8+0.3 192.8 £0.5 239.6+1.6
21 210.4+0.7 234.8+1.2 217.6 £ 0.6 219.4+0.5 191.4+0.5 238.2+1.6
4™ Week

22 214.2+0.7 239.6+1.2 219.2+0.6 220.0+£0.6 199.4+ 0.6 240.4+1.6
23 216.0+0.7 244.8+1.2 222.6+£0.6 217.6 £ 0.5 198.2+£0.6 240.8+1.6
24 216.0+0.7 245.4+1.2 222.8+0.6 217.6 £ 0.5 198.8 £ 0.6 241.4+1.6
25 216.8+0.7 245.6+1.2 223.0+0.6 218.0+£0.5 199.4+ 0.6 242.0+1.6
26 218.6+0.6 237.2+1.2 221.6+£0.6 212.4+0.6 198.4+ 0.6 241.6+1.6
27 219.8+0.6 231.2+1.2 220.8+0.5 212.0+0.6 200.6 + 0.6 238.6+1.6
28 219.2+0.6 231.8+1.1 218.0+£0.5 213.2+0.6 199.0 £ 0.5 234.0+1.5

Abbreviations: HFrD, high-fructose diet; M, metformin; K, kaempferol; Q, quercetin; QSE, quinoa seed extract.

Compared with the control group, the HFrD group presented a mild increase in leu-
kocyte count, with an average of 11.98 + 2.97 x 10°/uL, with an average of 9.80 + 1.13 x
10%/uL. These findings suggest that systemic inflammation coexists with metabolic stress
(Table 2). Moreover, Hb concentrations were slightly lower in the HFrD group, with an
average of 147.73+23.80 g/L, than in the control group, which was 154.07 + 9.85 g/L. This
reduction in Hb and leukocyte levels is consistent with anemia observed in DIDM (diet-
induced diabetic models). Furthermore, the markers of liver function were significantly
greater in the HFrD group; ALT and AST increased to 104.41 + 31.04 U/L and 75.02 + 13.93
U/L, respectively. The values for ALT and AST in the control group were 71.25 +10.54 U/L
and 68.03 + 6.46 U/L, respectively. These increases reflect hepatocellular damage due to
excess fructose.

Quercetin (HFrD + Q) and kaempferol (HFrD + K) treatment significantly diminished
these abnormalities. Both flavonoids resulted in ALT and AST levels close to normal, with
ALT values recorded at 64.30 + 9.14 U/L for HFrD + K and 64.41 + 13.81 U/L for HFrD + Q
and AST values of 59.26 + 4.09 U/L for HFrD + K and 60.49 + 9.70 U/L for HFrD + Q. These
findings indicate that the effective hepatoprotective actions of these compounds occur
through anti-inflammatory and antioxidant mechanisms. Additionally, the Hb levels
showed partial recovery, measuring 126.93 + 31.18 g/L in the HFrD + K group and 142.53
+22.10 g/L in the HFrD + Q group. The group that received HFrD + QSE (quinoa seed
extract) presented similar trends, with progress in enzymatic and hematological profiles.
Specifically, the Hb level was 113.20 + 62.50 g/L, the ALT level was 88.22 + 28.25 U/L, and
the AST level was 57.46 + 4.52 U/L. These results revealed the micronutrient and antioxi-
dant benefits of the QSE matrix. Comparable stabilization was attained by treatment with
metformin (HFrD + M), confirming a response to therapy in this model.
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Table 2. White blood cells (WBCs) count, hemoglobin (Hb), and serum AST and ALT levels across
experimental groups.

Groups WBCs (x10~3/pL) Hb (g/L) ALT (U/L) AST (U/L)

Mean = SE Mean + SE Mean = SE Mean = SE

Control 9.80+1.13 154.07 +9.85 71.25+10.54 68.03 + 6.46
HFrD 11.98 £2.97 147.73 £23.80 104.41 + 31.04 75.02+13.93
HFrD +M 9.36 £ 2.64 134.67 +11.16 87.84 +£40.82 65.40 + 14.59
HFrD +K 13.20 +2.26 126.93 + 31.18 64.30 £9.14 59.26 +4.09
HFrD +Q 10.50 + 3.16 142.53 £22.10 64.41 £ 13.81 60.49 +9.70
HFrD + QSE 11.18 +1.59 113.20 £ 62.50 88.22 £ 28.25 57.46 + 4.52

Abbreviations: Hb = hemoglobin; HFrD, high-fructose diet; M, metformin; K, kaempferol; Q, quercetin; QSE,
quinoa seed extract.

Microscopic examination of the tissue slides revealed that hepatocytes in the control
group appeared nearly normal, with a typical arrangement of hepatic cords (Figure 1).

Portal Vein
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Figure 1. Histopathological analysis of livers from the control group (a), HFrD group (b),
kaempferol-treated group (c), quercetin-treated group (d), and QSE-treated group (e).
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In contrast, the HFrD group presented signs of vacuolar degeneration in hepato-
cytes, dilated central veins and sinusoids, and hepatocellular necrosis. However, the
groups treated with kaempferol, quercetin, or QSE along with HFrD presented only mild
vacuolar degeneration, along with some dilated sinusoids and central veins, indicating
the therapeutic effects of these plant flavonoids against HFrD-induced hepatotoxicity.
Focal hepatic lesions (degeneration and necrosis with infiltration of WBCs) were ob-
served in the HFrD group but were markedly reduced in the treated groups.

Histopathological analysis of pancreatic tissue samples revealed that the control
group exhibited a normal arrangement of beta cells within the islets of Langerhans (Fig-
ure 2). In contrast, the HFrD group displayed inflammation of beta cells and abnormal
enlargement of the islets, along with edema and dilated blood vessels in the pancreatic
tissue. However, these adverse effects were reversed in the groups treated with
kaempferol, quercetin, or QSE, with the pancreatic islet architecture preserved and re-
duced signs of inflammation and degeneration, thereby mitigating the metabolic disor-
ders and pancreatic damage caused by HFrD.

Islets of
Langerhans
consisting of Beta

cells

Islets of
Langerhans
surrounded by
Acini cells

Dilated Ducts

Islets of
Langerhans
showing
derangement of

cells

Connective tissue
septa

Figure 2. Histopathological analysis of the pancreas in the control group (a), HFrD group (b),
kaempferol-treated group (c), and quercetin-treated group (d).

4. Discussion

Taken together, all the treated groups showed a protective trend in comparison with
the HFrD-untreated group. Body weight increased progressively in all groups during the
experimental period, but its magnitude of increase was significantly lower in the groups
receiving kaempferol, quercetin, or QSE, with the lowest net increase being observed in
the HFrD + QSE group. Systemic metabolic stress due to HFrD feeding resulted in de-
creased Hb levels in rats in the HFrD group, while partial recovery of its concentration
was observed in the treatment groups, suggesting partial correction of metabolic imbal-
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ance. Serum ALT activity, an important biomarker of hepatocellular injury, was highly
elevated in HFrD rats, while the administration of kaempferol, quercetin, or QSE resulted
in a remarkable reduction in ALT levels in these groups of rats and, in some instances, a
decrease in ALT levels compared with the respective control values. Histopathological
examinations further confirmed the above biochemical observations. HFrD exposure re-
sulted in vacuolar degeneration, hepatocellular necrosis and inflammatory infiltration in
liver tissues, whereas the treated groups exhibited only mild degenerative changes in the
hepatic tissues with preserved architecture of the liver. Similarly, tissues of the pancreas
obtained from diabetic rats fed a showed inflammation of the islets of Langerhans, dis-
ruption of B-cells, and edema, whereas those in the treatment groups maintained a nor-
mal islet morphology with fewer inflammatory changes. Overall, these observations sug-
gested that quercetin, kaempferol, and QSE had significant pancreatic protective effects
by decreasing fructose-induced structural and metabolic changes in diabetic rats.

Several studies have reported that flavonoids attenuate diet-induced weight gain.
Kaempferol supplementation reduces weight gain and adiposity in rodent models by
modulating the gut microbiota, increasing energy expenditure and improving insulin
sensitivity, which is consistent with our observation of lower net weight gain in
kaempferol-treated rats [26,27]. Quercetin has repeatedly been shown to blunt body
weight gain in high-fat or fructose feeding regimens by reducing adipogenesis and in-
creasing fatty acid oxidation (AMPK/SIRT1 pathways), which supports our quercetin
group’s reduced weight gain relative to that of untreated HFrD animals [28,29]. Studies of
quinoa or quinoa-derived extracts report reductions in weight gain or adiposity or im-
provements in metabolic indices versus obesogenic diets; these effects are attributed to
combined polyphenol, fiber and protein contents, which can modulate satiety, lipid me-
tabolism and the gut microbiota, which is compatible with our finding that QSE produces
the smallest net weight gain [30,31].

Chronic high-fructose diets have been linked to dysregulated iron metabolism and
systemic inflammation in animal models, which can manifest as reduced Hb or altered
iron handling; one study of prolonged fructose exposure described inflammation-linked
dysregulation of iron homeostasis in rats, providing a plausible mechanism for reduced
Hb after HFrD [32]. Oxidative damage to erythrocytes under metabolic stress (high fruc-
tose/NAFLD) has been documented; antioxidants such as quercetin reduce erythrocyte
oxidative markers and protect membrane integrity, which can help preserve Hb concen-
tration or reduce hemolysis—this aligns with the partial Hb recovery observed in flavo-
noid-treated groups [33]. Reviews of red blood cell (RBC) redox biology emphasize that
systemic metabolic stressors (lipid peroxidation, inflammation) impair RBC antioxidant
systems and may lower Hb indirectly; interventions that restore redox balance can par-
tially reverse these effects [34].

HFrD (and combined high-fat/high-fructose diets) consistently increase transami-
nase and liver injury marker levels in rodents and are widely used to model NAFLD/non-
alcoholic steatohepatitis (NASH); this finding replicates the marked ALT elevation ob-
served in the HFrD group [35]. Multiple recent preclinical reports have shown strong
hepatoprotective effects of quercetin, with reductions in ALT/AST, improvements in his-
tology, and normalization of lipid metabolism attributed to antioxidant, anti-inflamma-
tory and autophagy-promoting actions (AMPK/mitophagy pathways), which is consistent
with our quercetin group’s ALT normalization [36]. Kaempferol has been shown to re-
duce ALT and attenuate hepatic inflammation in NASH and chemical injury models (e.g.,
suppression of the NLRP3 inflammasome/caspase-3 pathway), which is consistent with
the pronounced decrease in ALT observed in the kaempferol group [37].
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Diets high in fructose cause hepatic steatosis and inflammatory and advanced levels
of necrosis and fibrosis; the histological patterns you observed are typical of HFrD mod-
els and have been reproduced in multiple recent studies [38]. Quercetin treatment re-
duces lipid droplet accumulation, hepatocyte ballooning and inflammatory cell infiltra-
tion in NAFLD models; mechanistic studies have revealed reduced SREBP-1c/fatty acid
synthase expression (FASN) expression, increased PPARa-mediated 3-oxidation, and im-
proved mitochondrial function/mitophagy, which aligns with improvements in histology
[36]. Kaempferol has been shown to decrease lipid accumulation, oxidative damage and
inflammatory signaling in the liver, including histological amelioration in NASH models
(reduced steatosis and necrosis), supporting the protective effects of kaempferol
[26,37,39].

High-fructose feeding leads to systemic insulin resistance, f3-cell stress and, in some
models, B-cell dysfunction and islet inflammation; several animal studies have shown
islet hypertrophy/hyperplasia or inflammatory changes in response to prolonged dietary
sugar overload, which is consistent with the histology of the HFrD group [35,40]. Querce-
tin protects pancreatic 3-cells from oxidative stress and apoptosis via the activation of
Sirt3 and other antioxidant pathways, reducing cytokine-induced damage and preserving
insulin secretion capacity—these findings align with the preserved islet morphology ob-
served in the quercetin group [33,41]. Kaempferol stimulates autophagy, mitigates 3-cell
lipotoxicity via AMPK/mTOR signaling and supports -cell survival in diabetic models;
recent mechanistic and metabolomic studies reported that kaempferol improved islet
histology and function, which is consistent with our kaempferol group’s ability to pre-
serve islets [38,39].

The main strength of the current study is its controlled experimental design, which
allowed the investigation of pancreatic and hepatic changes via biochemical markers as
well as comprehensive tissue examination. A comparable evaluation of two pure flavo-
noids with a natural extract provides a practical basis for comparing their therapeutic
potential. The use of valid biomarkers, such as AST and ALT, and standardized histolog-
ical scoring in the current study also increases the confidence of the results. However,
these experiments were conducted with relatively few animals, and the animal model
was unable to fully represent the multiple inflammatory and metabolic mechanisms
linked with human diabetes. In addition, single-dose regimens for each compound were
adopted, and no attempt was made to understand dose-response relationships. Moreo-
ver, no advanced statistics are employed in the study. Larger sample sizes, multiple dos-
ing schemes, and mechanistic analyses at the molecular level are needed in future stud-
ies to increase the translational relevance of these findings.

5. Conclusions

QSE, quercetin and kaempferol can mitigate the pancreatic and hepatic changes in-
duced in high-fructose diet-fed diabetic rats by improving biochemical markers, preserv-
ing tissue architecture, and reducing degenerative and inflammatory changes. The ben-
efits observed in this model are very likely mediated through antioxidant pathways and
metabolic regulatory pathways. In general, the results suggest that these bioactive phy-
tochemicals represent potential therapeutic approaches as complementary agents in the
prevention or management of diabetes-related hepatic-pancreatic dysfunction.
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Abstract

Malaria is a significant public health problem in developing countries, including Pakistan, with an
annual mortality rate of 50,000 2.6 million cases in 2018. Pakistan continues to be among the top
four countries with the highest number of anticipated malaria cases in the region. This descriptive
cross-sectional study determined the unit cost of antimalarial prescriptions, compared average
treatment costs, and assessed any differences in cost across prescriber types and medication cate-
gories. Using purposive sampling, 300 prescriptions of uncomplicated malaria were collected from
physicians and consultants practicing at two public tertiary care hospitals in Lahore. The cost of
drugs was calculated on the basis of the standard retail price set by the pharmaceutical company.
The data were analyzed via SPSS version 25, frequencies were calculated, and two-way ANOVA was
performed. The results highlighted that the unit cost of antimalarials prescribed by physicians
ranged from Pakistani rupees (PKR) 21-30, whereas the majority of combination therapies for phy-
sicians cost up to PKR 50. In comparison, antimalarials prescribed by consultants had unit costs
between PKR 31 and 40, with combination therapies falling into either a low-cost band (PKR 1-50)
or a higher-cost band (PKR 201-300). Two-way ANOVA revealed a statistically significant interac-
tion between prescriber type and medication category in relation to treatment cost (p = 0.002). The
study concluded that physicians prescribe lower-cost unit doses and combinations of antimalarial
medications than consultants do, and there are significant differences in treatment costs on the
basis of prescriber type and the category of medication prescribed. Future research should explore
qualitative determinants of prescriber behavior to guide national malaria control and health pol-

icy.

Keywords

Malaria treatment cost; Cost-effectiveness analysis; Malaria treatment; Healthcare economics and
financing; Prescribing trends; Pharmacy practices

1. Introduction

Malaria is a life-threatening parasitic infection caused by protozoan parasites of the
genus Plasmodium and is transmitted through the bite of the female Anopheles mosquito
[1]. The five Plasmodium species that infect humans and are primary causative agents of
severe malaria include Plasmodium falciparum, Plasmodium vivax, Plasmodium ovale,
Plasmodium malariae, Plasmodium knowlesi, and Plasmodium falciparum [2,3]. Fever,
nausea, vomiting, headache, joint pain, dizziness, and heartburn are common symptoms
of malaria, and factors such as patient history also serve as indicators of malaria [4,5].
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The complex life cycle of Plasmodium parasites poses a significant challenge for the de-
velopment of antimalarial vaccines and resistant drugs [6,7].

Malaria remains a significant public health problem in Pakistan, and 350,000 ma-
laria cases with an estimated 113 deaths were reported in 2021 [8]. In 2022, the World
Health Organization (WHO) estimated that 249 million new cases of malaria were diag-
nosed worldwide, an increase of 5 million cases from the previous year. The countries
with a high incidence of malaria included Ethiopia, Nigeria, Uganda, Papua New Guinea,
and Pakistan, whereas only Pakistan accounted for approximately 2.1 million new cases.
Malaria epidemiology in Pakistan shows fluctuating transmission depending upon re-
gional climate, migration, and health system access, particularly in Punjab and Baluchi-
stan, where cases caused by P. vivax are predominantly other species [9]. However, Pa-
kistan achieved a 40% reduction in malaria incidence from 2015-2020, and it remained
among the top four countries with malaria epidemics in the region [10]. Whereas the
number of malarial deaths declined from 2015-2019, the incidence rate increased to 10%
in 2020 before decreasing slightly in 2022 [8,9,10,11].

According to a study conducted in the United States, the total per-person cost of se-
vere malaria treatment was 2-4 times greater than that of treatment for uncomplicated
malaria. The average cost of treatment for hospitalized patients was substantially greater
than that for outpatients [United States dollar (USD) 27,642 compared with USD 1,177]
[12]. In contrast, patients in Kenya paid USD 15.5 on average for a three-day treatment
period for malaria [13]. In Nigeria, indirect costs were greatest in the southern zone, with
Nigerian naira (NGN) 13,707.84 and NGN 19,723.55, respectively. For direct costs, the
southeast zone had the highest out-of-pocket expenses, NGN 1,391.60, whereas the south-
ern zone had the lowest expenses, NGN 913.08 [14]. Moreover, in 2018, the Rwandan Min-
istry of Health spent USD 645,647.68 managing malaria in three major geographical zones
of the country [15]. In Pakistan, malaria treatment costs are a significant economic bur-
den, accounting for approximately 6.7% of the monthly household income, with low-in-
come populations being extremely affected by out-of-pocket expenses for treatment [16].
This aligns with the WHO, who reported that malaria-endemic countries spend approxi-
mately USD 12 billion annually in terms of productivity and healthcare expenditures [17].

In Pakistan, artemisinin-based combination therapies (ACTs) are the WHO-recom-
mended first-line pharmacological agents for uncomplicated P. falciparum and second-
line treatments for chloroquine-resistant P. vivax malaria, and chloroquine remains the
first-line agent for P. vivax in chloroquine-sensitive cases [18,19,20,21]. However, differ-
ences in prescribing behavior among healthcare providers working at different levels
and with different capacities in the healthcare system may influence drug selection, dos-
age, and diagnostic resource utilization. These variations may arise from differences in
clinical practice experiences, postgraduate training, adherence to treatment guidelines,
and cost awareness in prescribing practices [22,23,24]. It is evident from the scientific
literature that prescribers with formal clinical audit experience and proper clinical train-
ing in rational drug use demonstrated better adherence to standard treatment guidelines,
a lower average prescription cost and better clinical outcomes [25,26].

Despite the high malaria burden in Pakistan, comparative data on prescription costs
by prescriber type in urban cities such as Lahore are limited, and existing research fo-
cuses on drug efficacy or incidence rather than cost efficiency linked to prescribing be-
havior [27]. Addressing this gap can guide rational drug use and cost-effective malaria
control policies. Therefore, this study aimed to determine the unit cost of antimalarial
prescriptions, compare average treatment costs between physicians and consultants,
and assess differences in cost across prescriber types and medication categories.
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2. Materials and methods
2.1. Study design

A descriptive cross-sectional investigation was carried out over a six-month period,
from March to August 2021, in two major public hospitals in Lahore, Pakistan.

2.2. Ethics approval

Ethical clearance was secured from the Ethics Review Committee of Hussain College
of Health Sciences, Lahore (reference HCHS/21/ERC/158). Additionally, administrative
approval was obtained from the authorities of Shaikh Zayed Medical Complex and Jinnah
Hospital prior to study commencement.

2.3. Study setting

Data collection took place at two public tertiary care institutions, Shaikh Zayed Med-
ical Complex and Jinnah Hospital, Lahore [28,29].

2.4. Inclusion and exclusion criteria

Hospital records of outpatients aged 20-40 years who visited the designated
healthcare facilities and received a laboratory-confirmed diagnosis of malaria were re-
viewed by the researcher on the day of the visit. Patients without any other medical con-
ditions, such as allergies, comorbidities or prescription-altering diseases, were included
in the study. However, records of patients who revisited the hospital for follow-up or dur-
ing their malaria incubation period were kept within the exclusion criteria of the study.

2.5. Sample size and sampling technique

The Raosoft sample size calculator was used to determine the required sample size,
applying a 95% confidence interval, a 5% margin of error, and a 23.3% pooled malaria
prevalence in Pakistan as the response distribution [30]. A sample size of 271 prescrip-
tions was calculated, and a total of 300 prescriptions were acquired from physicians and
consultants at the targeted healthcare facilities. A purposive sampling technique was
used for the collection of prescriptions and to ensure the inclusion of prescriptions from
both prescriber categories.

2.6. Study instrument development

Pakistan’s National Malaria Case Management Guidelines and the WHQO’s prescrib-
ing indicators, which are recognized as essential frameworks for evaluating malaria
treatment practices, were used as a reference to develop the questionnaire for the study
[31,32]. The developed tool was then thoroughly reviewed by relevant experts for its va-
lidity, sensitivity and specificity. After approval, the finalized tool was employed for the
purpose of data collection.

2.7. Study measures and data collection

The developed instrument collected information about the type of healthcare pro-
vider (physician or consultant) and the pharmacological category of prescribed drugs
(antimalarials, antibiotics, antipyretics, and other medications). The unit cost of each an-
timalarial drug was calculated on the basis of the standard retail price of the country as
approved by the regulatory body, and the average cost of combination therapy for each
prescription was determined by totaling the retail prices of all drugs in that prescription.
Data were collected by trained pharmacy graduates by relevant experts under the super-
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vision of a senior pharmacist; furthermore, double data entry and independent verifica-
tion of 10% of the dataset ensured accuracy and internal consistency.

2.8. Statistical analysis

The data were analyzed via the Statistical Package for Social Sciences (IBM Corp.,
Armonk, NY, USA) version 25.00. Descriptive statistics were calculated for the collected
data. Additionally, two-way ANOVA was used to examine the effects of prescriber type,
medication category, and their interaction on the cost of malaria treatment. The results
were considered statistically significant at p < 0.05.

3. Results

Figure 1 presents the distribution of unit costs for antimalarial drugs prescribed by
physicians and consultants. Most prescriptions by physicians were priced between PKR
21 and 30, with a substantial proportion also falling within the PKR 1-10 range. Addition-
ally, some physicians prescribed antimalarials that cost less than PKR 1 per unit. In con-
trast, consultants primarily prescribed antimalarials within the PKR 31-40 range, fol-
lowed by a smaller number in the below PKR 1 category.

Unit Cost of Antimalarial Prescribed by Consultants and Physicians
120
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Figure 1. Total cost of antimalarial drugs prescribed by physicians and consultants.

Figure 2 shows the average cost of combination therapies prescribed by physicians
and consultants. The majority of prescriptions by physicians were within the PKR 1-100
range, followed by higher-cost categories of above PKR 350 and PKR 201-250. For consult-
ants, the average cost of prescribed combinations was mainly concentrated in two
ranges: PKR 1-50 and PKR 201-300.
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Figure 2. Cost of combination of medicines prescribed by consultants and physicians.

Table 1 presents the results of two-way ANOVA conducted to evaluate whether treat-
ment costs (including antimalarials, antibiotics, and antipyretics) differ by prescriber
type and medication category. The interaction effect between prescriber type and medi-
cation category was statistically significant (F =6.211, p=0.002), indicating that treatment
costs varied depending on both factors. However, the main effect of prescriber type alone
was not significant (p = 0.305), whereas the medication category had a highly significant
effect on treatment cost (F = 31.270, p < 0.001). The coefficient of determination (R* =
0.139) indicates that approximately 13.9% of the variance in treatment cost was explained
by prescriber type and medication category and suggests that other unmeasured factors,
such as disease severity, diagnostic investigations, prescription duration, or institutional
procurement policies, may also influence cost outcomes, along with the prescriber type
and medication category.

Table 1. Variation in malaria treatment costs by prescriber type and medication category.

Variables df F Sig.

Prescriber 1 1.054 0.305

Medicines 2 31.270 <0.001 ™
Prescriber * Medicines 2 6.211 0.002 ™

=3

" R squared = 0.139 (adjusted R squared = 0.134); ~ Dependent variable: cost per treatment; = Statistical

significance set at p < 0.05.

4. Discussion

The study revealed that physicians more frequently prescribed drugs with lower unit
costs, less than PKR 30, and, in most cases, fewer than PKR 10. In contrast, consultants
more commonly prescribe antimalarials within higher cost ranges, between PKR 31 and
PKR 40. The average cost of prescriptions of the combination therapies of the physicians
was observed to be in the lower cost range of PKR 1 to PKR 100, with a few extending
beyond PKR 350. In contrast, consultants tend to prescribe combinations within the mid-
range cost categories, between PKR 201 and PKR 300. Furthermore, malaria treatment
cost trends and patterns vary by healthcare professional type and are influenced by the
category of medication prescribed.



Bull Pharm Med Res 2024;3:26-34.

31

The results of the current study are in line with those of another study that revealed
that the overall treatment cost of malaria is USD 9.31 per person per year [33]. Another
study conducted in Kenya reported that the direct medical cost of malaria treatment was
USD 7.1 [15]. A study in Nigeria reported that the cost of malaria treatment ranges from
USD 2.5-4.1 [34]. However, another Nigerian study reported the direct medical cost of
malaria treatment to be USD 5.8 [24]. Moreover, another African study revealed a higher
prescription cost for uncomplicated malaria treatment and stated that antimalarial drugs
account for 62% of the treatment cost [14,35]. Furthermore, a study from Uganda high-
lighted the greater cost of malaria treatment for admitted patients than malaria treatment
received in facilities other than hospitals [33]. Additionally, studies from African settings
suggest that the cost of uncomplicated malaria treatment among pregnant women is rel-
atively high and poses an economic burden [36].

Consultants’ higher-cost prescribing may stem from managing more complex or
treatment-resistant cases, prompting the use of newer or broader-spectrum antimalari-
als perceived as more effective or better tolerated. Differences in training, clinical auton-
omy, and patient socioeconomic status may also influence preferences for branded or
combination therapies [37,38]. Systemic factors, including pharmaceutical marketing,
limited pharmacoeconomic training, and variable adherence to guidelines, further con-
tribute to differences in the cost of prescriptions [39,40]. In malaria-endemic countries,
uncertainty in the results of diagnostic tests may also be a driver of broader empirical
prescribing by healthcare professionals [41].

The findings of this study contrast with previous scientific Pakistani literature on
malaria treatment prescribing trends, which reported a greater number of drugs per pre-
scription and extensive polypharmacy in prescriptions, ultimately impacting the direct
medical cost of treatment [42,43]. One major reason for these high direct medical costs
of malaria treatment is the irrational overuse and overprescription of drugs by healthcare
professionals in hospital settings [44]. The use of antibiotics to treat uncomplicated ma-
laria contributes to increased treatment costs [45,46]. Furthermore, the choice between
treating malaria with a single recommended agent or with multiple agents also influ-
ences treatment costs [47]. The practice of healthcare professionals prescribing branded
drugs instead of generic equivalents also contributes to rising prescription costs [48].

The present study provides a comparison of malaria treatment costs by calculating
the unit dose cost of antimalarial therapy and the total cost per prescription (combined
therapy). The study also compared physicians’ and consultants’ direct medical costs per
unit dose of antimalarial agent and per full treatment, establishing an association be-
tween the treatment cost and the prescriber type. However, the study did not consider
qualitative factors related to healthcare providers (such as the rationale for drug selec-
tion), which remains a weakness of the study. Additionally, the sample was limited to
outpatients aged 20-40 years at two public hospitals in Lahore, which may limit the gen-
eralizability of the findings to other populations and healthcare settings.

5. Conclusions

The study findings confirm that physicians tend to prescribe lower-cost unit doses
and combinations of antimalarial medications than consultants do. Moreover, significant
differences in treatment costs were observed based on prescriber type, particularly in
relation to the category of prescribed medication. These findings highlight the need to
promote rational prescribing practices and cost perceptions among healthcare providers
operating at different levels of the healthcare system to ensure effective yet cost-efficient
malaria treatment. Future studies should qualitatively explore the behavioral and insti-
tutional factors driving prescriber choices to better inform policy and practice.
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Abstract

Pharmacy students face critical decisions about their career paths as they approach graduation.
However, in Pakistan, data are limited on how academic performance, job preparedness, and ca-
reer orientation are interrelated among pharmacy undergraduates. This study aimed to assess ac-
ademic performance, job-seeking preparedness, and career orientation among fourth- and fifth-
year Doctors of Pharmacy (Pharm.D.) students and to evaluate the availability and utilization of
institutional career counseling services. A descriptive cross-sectional study involving 183 fourth-
and fifth-year Pharm.D. was conducted at the College of Pharmacy, University of Sargodha. stu-
dents. Data were collected via a self-structured, expert-validated questionnaire covering academic
performance, job preparedness, and career orientation. The data were analyzed via SPSS and RStu-
dio, which employ descriptive statistics, independent samples t tests, and Pearson correlation anal-
ysis. Most participants were female (65.57%), urban residents (72.68%), and unmarried (95.08%),
with 69.95% having one to three siblings with a university education. A CGPA > 3.5 was reported by
60.66% of the students, whereas only 20.77% had research experience. Workshop and conference
participation was high (85.25% and 83.06%, respectively), but institutional support was limited—
only 19.67% received help from the student affairs department, and 29.51% received guidance from
a student society or organization. Although 89.62% could make a CV and 71.58% could inde-
pendently apply for jobs, only 46.45% could write a cover letter, and 42.08% felt prepared for inter-
views. The awareness of private-sector pharmaceutical roles (15.85%) exceeded that of public-sec-
tor roles (13.11%), and the knowledge of community (70.49%) and clinical (64.48%) pharmacies
was greater than that of industrial (8.20%) or hospital (38.25%) positions. Career orientation toward
nonpharmaceutical sectors was relatively stronger in the public (49.73%) and private (45.90%) do-
mains. Gender (p=0.030) and year of study (p = 0.047) were significantly associated with prepared-
ness, favoring male and 5th-year students. A moderate correlation existed between academic per-
formance and preparedness (r = 0.38), whereas correlations between academic performance and
career orientation (r =-0.02) and between preparedness and career orientation (r =0.09) were weak
or negligible. Pharmacy undergraduates in their fourth and fifth professional years were academ-
ically sound but demonstrated deficiencies in job-seeking readiness and awareness of nontradi-
tional career paths. However, exposure of students to career counseling by institutions has re-
mained limited; findings highlight the need for career guidance services in a structured manner,
intense research engagement, and vast exposure of students as well as fresh graduates to diverse
professional pathways beyond traditional pharmacy roles.

Keywords

Pharmacy profession, pharmaceutical career counseling, career orientation, career preparedness,
undergraduate pharmacy students, fresh graduates, pharmacy education
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1. Introduction

Pharmacy has more than 3.7 million professionals worldwide, and it is regarded as
the third largest healthcare profession, highlighting its essential role in patient care and
healthcare systems [1]. The traditional role of pharmacists has evolved from the manu-
facturing, compounding and dispensing of drugs to a broader range of responsibilities,
including clinical services, research and management in the healthcare system. Pharma-
cists, as professionals of the contemporary world, are essential members of health teams
and are recognized for their valuable technical inputs and contributions across various
domains of the healthcare system [2]. The diverse nature of the pharmacy profession of-
fers pharmacists a wide range of careers in the pharmaceutical sector, including but not
limited to pharmaceutical manufacturing, quality control, sales, marketing, research
and development, pharmacoeconomics, and pharmacovigilance, as well as associations
with regulatory bodies such as the Drug Regulatory Authority of Pakistan (DRAP) in dif-
ferent professional roles. Furthermore, hospital pharmacists play clinical roles in patient
care and are involved in areas such as aseptic dispensing, extemporaneous compound-
ing, sterile preparations, topical preparations and pharmacovigilance [3,4].

In Pakistan, pharmacy education evolved with the introduction of the Pharmacy Act
of 1967, which constituted the first formal three-year baccalaureate degree program,
which was then extended to a four-year degree program from 1978-1979. The curriculum
was further enhanced to include a five-year Doctor of Pharmacy (Pharm.D.) degree from
2003-2004, which included clinical pharmacy as its major course [5]. According to 2023
data from the Pharmacy Council of Pakistan (PCP), 14,405 Pharm.D. students were ex-
pected to graduate from 153 public and private institutions across the country [6]. Fur-
thermore, the number of registered pharmacists in Pakistan, i.e., 33,455 recorded five
years ago, has also been steadily increasing every year [7]. Given the growing number of
professionals in the field, the future of pharmacy services and careers in Pakistan is
poised for significant developments in the profession.

Career orientation and preparedness are fundamental in directing career-related
decisions and fostering effective self-management behavior among graduates [8]. Career
orientation is regarded as an individual’s preference for specific career opportunities and
pathways in professional development [9]. Preparedness refers to the usual job readiness
skills of an individual, such as writing resumes, interview preparation, and basic job ap-
plication capabilities. In general, career orientation is referred to as the level of aware-
ness and preferences of a graduate regarding specific sectors or professional roles within
pharmaceutical sciences and related industries [10]. The choices made regarding aca-
demic disciplines and career paths are important in aligning personal interests and mo-
tivations with professional goals. Effectively managing career goals in early adulthood
can lead to greater professional development and career satisfaction in the future [11].
Therefore, evaluating pharmacy students’ awareness of different sectors of the pharma-
ceutical sciences is vital for informed career planning and decision making.

Pharmacists are increasingly venturing into diverse career paths across the
healthcare system, including professional roles such as disease counselors (e.g., diabetes
educators), officers in healthcare supply chain management, health insurance compa-
nies, and clinical trial associates, as well as other important professional positions across
both the public and private sectors. Furthermore, the scope of hospital pharmacy prac-
tice has expanded from traditional warehousing and inventory management to special-
ized areas in clinical pharmacy, e.g., infectious disease control and oncology pharma-
cotherapy, and pharmacists now also play critical roles in drug information centers
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within hospitals. International scientific literature regarding pharmacy students’ prefer-
ences for specific careers in Bachelor of Pharmacy and Pharm.D. programs and high-
lights various career paths, such as hospital pharmacy, community pharmacy, clinical
pharmacy, industry, and academia, as the preferred choices among pharmacy students
[4,12,13,14,15].

However, few studies have specifically evaluated the associations among academic
performance, preparedness, and career orientation among pharmacy students and grad-
uates, particularly in terms of job-seeking skills and sector-specific career awareness.
This gap is particularly important in developing countries such as Pakistan, where stu-
dents and graduates face limited institutional support and are limited to nonexposure to
broader horizons of pharmacy careers and pathways [16,17]. Addressing these gaps is
important for strengthening career guidance programs and supporting the professional
development of students as well as fresh graduates across the country. Therefore, this
study aimed to assess academic performance, job-seeking preparedness, and career ori-
entation among fourth- and fifth-year professionals, Pharm.D. students and to evaluate
the availability and employment of institutional career counseling services.

2. Methodology
2.1. Study design

The study utilized a cross-sectional design and was conducted for three months,
from May 2023 to July 2023.

2.2. Study setting

The study was conducted at the College of Pharmacy, University of Sargodha, a ma-
jor public sector university in Punjab, Pakistan, established in 2002. The University has
approximately 19,000 students in 22 departments and four constituent colleges. The Col-
lege of Pharmacy has more than 600 students enrolled in undergraduate (Pharm.D.) and
postgraduate programs (M. Phil. and PhD). The college is unique in Pakistan because it
has an industrial unit along with a model pharmacy that provides quality medicines and
services to the local community at a cheap price compared with the market [18].

2.3. Ethical approval

Ethical approval for the study was obtained from the ethical review committee of
the University of Sargodha (No. SU/REC/1491). Furthermore, permission was obtained
from the university administration and the College of Pharmacy for data collection and
for conducting the study.

2.4. Participant recruitment

The study included all regularly enrolled Pharm.D. students in their fourth and fifth
professional years (8%-10™ semesters) at the University of Sargodha who provided con-
sent to participate. However, the study did not include transferred students from other
institutions; foreign students enrolled in the Pharm.D. program, or students who had re-
sumed their studies after taking a leave of absence.

2.5. Sample size and sampling technique

The sample size was calculated via the OpenEpi sample size calculator, which main-
tains a 95% confidence interval and a 5% margin of error [19]. A prevalence of 10.10%
was used on the basis of a prior study conducted among pharmacy students in Lahore,
which reported that 10.10% of participants were unaware of the scope of the pharmacy
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profession [20]. This yielded a minimum required sample of 140 students. To address
nonresponders and incomplete questionnaires, the final sample size was increased to
200. The purposive sampling technique was used to target the 4th and 5th professional
years students at the University of Sargodha.

2.6. Questionnaire development

The questionnaire was developed through a comprehensive literature review and
included the questions most relevant to the objectives of the study and target population
[21]. It consists of four major sections: demographics, academic performance, prepared-
ness, and career orientation. The questionnaire was then reviewed by field experts to
ensure content validity, and after their feedback was incorporated, the finalized tool was
used for data collection.

2.7. Study measures

The sociodemographic section collected data on the age of the participants, sex,
marital status, residential status, family income, education level of the siblings, year of
study, and presence of a pharmacist in the family.

The academic performance section comprises eight binary (yes/no) items related to
the academic profiles of students. These included CGPA, internship experience, research
experience, conference participation, workshop participation, attendance at pharmacy
career sessions, support from the student affairs department, and guidance from any
student society or organization. Each response was marked as ‘0’ or ‘1’ resulting in a cu-
mulative academic score ranging from 0-8; total scores were categorized as poor for
scores less than 4, average for scores between 4-6, and good for scores greater than 6.

The preparedness section evaluated the readiness of students for job-seeking oper-
ations via ten close-ended questions, addressing their understanding of cover letters,
their knowledge of the difference between a curriculum vitae (CV) and a resume, their
competence in preparing a professional CV and writing a cover letter, their knowledge
of areas to look for jobs, their perceived preparedness for interviews, their confidence in
performing well in interviews, their ability to apply for jobs independently, their famili-
arity with career options for pharmacists, and their understanding of the difference be-
tween professional pharmacists and pharmacy technicians. Each item was marked as ‘0’
or ‘1’, with a maximum possible score of 10. Scores were categorized as poor if they were
less than 5, average if they were between 5 and 7, and good if they were greater than 7.

The career orientation section measured the level of awareness of students for sec-
tor-specific roles within the healthcare profession and related fields across the public
and private sectors with the help of eight open-ended questions (S1 to S8). Each response
was evaluated and categorized as "yes" for clearly valid and specific answers; "Maybe" for
general, vague, or partially correct answers; and "No" for incorrect, irrelevant, or missing
responses. For scoring purposes, “Yes” responses were assigned a value of 1, “Maybe” a
value of 0.5, and “No” a value of 0. The cumulative score for this section ranged from 0-8
and was categorized as poor for scores less than 4, average for scores between 4 and 6,
and good for scores greater than 6.

2.8. Data collection

Data were collected via a self-administered questionnaire distributed to suitable par-
ticipants for the study during their scheduled academic sessions. Prior to participation,
all the respondents were informed about the objectives and scope of the study. Participa-
tion in the study was voluntary, and informed written consent was obtained from each
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respondent. The questionnaire was completed anonymously to maintain confidentiality
and reduce response bias.

2.9. Data analysis

Descriptive statistics were used for sociodemographic variables, academic perfor-
mance, preparedness, and career orientation. Bivariate analyses were performed to ex-
plore associations between sociodemographic predictors (such as gender, residential sta-
tus, family income, academic year, and the presence of a pharmacist in the family) and
outcome variables (academic performance, preparedness, and career orientation). Inde-
pendent samples t tests were used to compare binary categorical predictors, whereas
Pearson’s correlation coefficients (r) were computed for ordinal or continuous variables
(e.g., family income, siblings’ university education). The assumption of normality was
verified via Q-Q plots prior to applying parametric tests. Statistical significance was set
at p < 0.05. Additionally, interrelationships among the three outcome domains were vis-
ualized via a Pearson correlation matrix heatmap.

3. Results
3.1. Sociodemographic profile

Table 1 shows the sociodemographic profile of 183 Pharm.D. students out of the 200
questionnaires distributed, yielding a response rate of 91.50%. Most of the students were
aged 23 years (35.52%), followed by 22 years (24.59%) and 24 years (23.50%). A total of
65.57% of the sample included female students, whereas 34.43% were male. Most partic-
ipants resided in urban areas (72.68%), whereas 27.32% reported living in rural areas.

Table 1. Sociodemographic characteristics of the study participants (N = 183).

Variables Frequency (%)

21 15 (8.20)

22 45 (24.59)

Age ) 23 65 (35.52)

e (years

gey 24 43 (23.50)

25 14 (7.65)

26 1 (0.55)

Male 63 (34.43)

Gender
Female 120 (65.57)
. . Urban 133 (72.68)
Residential status

Rural 50 (27.32)

< 50,000 65 (35.52)

Family income (monthly) in PKR 50,000 - 100,000 79 (43.17)
> 100,000 39 (21.31)

. Married 9 (4.92)

Marital status -

Unmarried 174 (95.08)

0 33 (18.03)

1-3 128 (69.95
Number of siblings with university education ( )
4-6 18 (9.84)

>6 4(2.19)

Fourth 99 (54.10
Year of study - ( )
Fifth 84 (45.90)
No 157 (85.79)

Presence of a pharmacist in the family v 26 (14.21)
es .
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Table 1 further shows that monthly family income was mostly between PKR 50,000
and 100,000 (43.17%), followed by less than PKR 50,000 (35.52%) and more than PKR
100,000 (21.31%). Most students were unmarried (95.08%). With respect to siblings’
educational attainment, 69.95% had 1-3 siblings with a university education, 18.03% had
none, 9.84% had 4-6 siblings, and 2.19% had more than six. More than half of the
students were in their fourth year (54.10%), and 45.90% were in their fifth year. A total of
14.21% reported having a pharmacist in the family.

3.2. Academic performance, preparedness for job seeking, and career orientation awareness

Among the 183 Pharm.D. students, 60.66% had a CGPA > 3.5, whereas 39.34% had a
CGPA below 3.5 (Table 2). Internship experience was reported by 66.67% of the partici-
pants, whereas research experience was considerably lower, reported by only 20.77%. A
majority of the students attended conferences (83.06%) and workshops (85.25%). Most of
the students (60.11%) reported attending pharmacy career sessions. However, only
19.67% reported receiving support from the student affairs department, and 29.51% had
received guidance from any society or organization.

Table 2. Categorical distribution of academic performance, preparedness, and career orientation
among Pharm.D. students (N = 183).

Frequency (%) Frequency (%) Frequency (%)

Variables
<3.5,Yes >3.5,No Maybe
Academic Performance
CGPA 72 (39.34) 111 (60.66) -
Internship experience 122 (66.67) 61 (33.33) -
Research experience 38 (20.77) 145 (79.23) -
Conference experience 152 (83.06) 31 (16.94) -
Workshop experience 156 (85.25) 27 (14.75) -
Attended pharmacy career session 110 (60.11) 73 (39.89) -
Support from the student affairs department 36 (19.67) 147 (80.33) -
Guidance from any society or organization 54 (29.51) 129 (70.49) -
Preparedness for Job-Seeking
Familiar with cover letters 114 (62.30) 69 (37.70) -
Knows the difference between a CV and a resume 111 (60.66) 72 (39.34) -
Can make a professional CV 164 (89.62) 19 (10.38) -
Can write a cover letter 85 (46.45) 98 (53.55) -
Knows where to look for jobs 108 (59.02) 75 (40.98) -
Is prepared for an interview 77 (42.08) 106 (57.92) -
Can perform well in an interview 125 (68.31) 58 (31.69) -
Can apply for jobs on their own 131 (71.58) 52 (28.42) -
Familiar with career options for pharmacists 166 (90.71) 17 (9.29) -
Understands difference between pharmacist and pharmacy technician roles 18 (9.84) 165 (90.16) -
Career Orientation Awareness
Pharmaceutical careers in the public sector 24 (13.11) 72 (39.34) 87 (47.54)
Nonpharmaceutical careers in the public sector 91 (49.73) 67 (36.61) 25 (13.66)
Pharmaceutical careers in the private sector 29 (15.85) 20 (10.93) 134 (73.22)
Nonpharmaceutical careers in the private sector 84 (45.90) 58 (31.69) 41 (22.40)
Job designations in industry 15 (8.20) 38 (20.77) 130 (71.04)
Job designations in hospital 70 (38.25) 53(28.96) 60 (32.79)
Job designations in clinical pharmacy 118 (64.48) 46 (25.14) 19 (10.38)

Job designations in community pharmacy 129 (70.49) 32 (17.49) 22 (12.02)
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In terms of preparedness for job seeking, 62.30% were familiar with cover letters,
60.66% understood the difference between a CV and a resume, and 89.62% could make a
professional CV. However, only 46.45% were able to write a cover letter. Awareness of
job search platforms was presentin 59.02% of the students, whereas 42.08% felt prepared
for interviews, and 68.31% believed that they could perform well in one. A large majority
(71.58%) reported that they could apply for jobs independently. Familiarity with career
options for pharmacists was high (90.71%), yet only 9.84% correctly understood the dif-
ference between the pharmacist and pharmacy technician roles.

Table 2 further delineates the career orientation awareness among Pharm.D. stu-
dents; valid awareness (coded as “yes”) of pharmaceutical careers in the public sector
was present in 13.11% of participants, whereas 49.73% showed such awareness of non-
pharmaceutical public sector roles. Awareness of pharmaceutical careers in the private
sector was observed in 15.85%, with 45.90% for nonpharmaceutical roles in that domain.
Specific knowledge of job designations in industry was identified in only 8.20% of the
students. For job designations in hospitals, 38.25% demonstrated valid awareness,
whereas higher proportions were observed for clinical pharmacies (64.5%) and commu-
nity pharmacies (70.49%).

3.3. Categorical distributions of academic performance, preparedness, and career orientation

Figure 1 presents the distribution of cumulative scores across the three domains.

100
80

60 41

40
0

Academic Performance

Preparedness for Job-Seking

100 86
83 76

80
60
40

59

21

p 1]
0

B Good MAverage M Poor B Good M Average M Poor
(a) (b)
Career Orientation Awareness
100 84

80

60 40
40
20
0

B Good MAverage M Poor

(c)

Figure 1. Categorical distribution of cumulative scores among study participants. (a). Academic
performance (maximum score = 8; poor < 4, average = 4-6, good > 6); (b). Preparedness for job-
seeking (maximum score = 10; poor < 5, average = 5-7, good > 7); (c). Career orientation awareness
(maximum score = 8; poor < 4, average = 4-6, good > 6).



Bull Pharm Med Res 2024;3:35-48.

42

In terms of academic performance, 45.40% of the students were classified as aver-
age, 32.20% as poor, and 22.40% as good. Preparedness for job seeking was poor for
46.90% of the students, average for 41.50%, and good for 11.50%. In terms of career ori-
entation awareness, 45.90% of the students were in the good category, 32.24% were on
average, and 21.86% were poor.

3.4. Associations of sociodemographic variables with academic performance, preparedness,
and career orientation

Table 3 presents the results of the bivariate analysis between the sociodemographic
characteristics and the three outcome variables. Gender was significantly associated with
preparedness for job seeking (p = 0.030), with male students reporting greater prepared-
ness. Years of study also showed a significant association with preparedness (p = 0.047),
where fifth-year students reported higher preparedness levels than fourth-year students
did. No significant associations were observed for academic performance or career ori-
entation awareness across any of the sociodemographic variables. Weak positive corre-
lations were noted between preparedness and both family income (r = 0.057) and the
number of siblings with a university education (r = 0.141).

Table 3. Bivariate analysis of the associations of sociodemographic characteristics with academic
performance, preparedness, and career orientation among Pharm.D. students (N = 183).

. Academic Preparedness for Job- Career Orientation
Variables .
Performance Seeking Awareness

Gender 0.445 0.030 0.819
Residential status 0.352 0.171 0.505

Family income 0.506 0.487 (r=10.057) 0.262 (r =-0.092)
Marital status 0.813 0.141 0.185

Number of siblings with university education 0.450 0.059 (r =0.141, weak) 0.833 (r=0.016)
Year of study 0.456 0.047 0.989
Presence of pharmacist in family 0.928 0.695 0.699

" Statistical associations were examined via independent samples t tests for binary categorical variables and
Pearson’s correlation for ordinal/continuous predictors. ™ p < 0.05 was considered statistically significant.
Pearson’s r indicates the strength and direction of correlation (positive or negative).

3.5. Interrelationships among academic performance, preparedness, and career orientation

Figure 2 displays the Pearson correlation coefficients between academic perfor-
mance, preparedness for job seeking, and career orientation awareness. A moderate pos-
itive correlation was observed between academic performance and preparedness (r =
0.38), whereas preparedness and career orientation awareness were weakly positively
correlated (r = 0.09). No meaningful correlation was found between academic perfor-
mance and career orientation awareness (r = -0.02).
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Figure 2. Correlation matrix between academic performance, job-seeking preparedness, and ca-
reer orientation awareness among Pharm.D. students. The color intensity shows the strength of
the correlation, with darker shades indicating stronger relationships. The Pearson correlation co-
efficient (r) indicates the direction of the relationship (positive or negative), with a value of r closer
to +1 signifying a strong linear relationship, whereas values near 0 indicate weak or no linear asso-
ciation.

4. Discussion

The study highlighted that the majority of respondents were female, from urban ar-
eas, and single, with many having at least one sibling to be a university graduate. Most
students had strong academic performance records but limited exposure to research ac-
tivities in the pharmaceutical sciences. While a significant proportion of the respondents
engaged in professional development opportunities, many of the respondents lacked ad-
equate career guidance and institutional support. Most of the respondents felt confident
in basic job-seeking skills, including creating a CV and applying for different positions,
yet more than half of the respondents did not feel prepared for job interviews. They had
a better level of awareness of pharmaceutical roles, but their knowledge of related or
nonpharmaceutical careers was limited. A moderate positive correlation was observed
between academic performance and overall job-seeking preparedness; however, aca-
demic performance was not significantly associated with sector-specific career orienta-
tion. Notably, male respondents and those in the final professional year presented
greater self-reported job-seeking skills than female respondents and fourth professional
year students did.

The finding that students lack research experience is supported by Ethiopian stud-
ies, which highlight the weak capacity of undergraduate pharmacy students for research
and that the number of research projects has also declined with time [22]. Similarly, an-
other Ethiopian study highlighted the overall quality of research by pharmacy students
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to be average and often confined to a narrow focus with limited study designs [23]. A
study performed at Qatar University revealed better significance of research and confi-
dence in conducting research among students; however, most participants lacked data
analysis skills [24]. Insufficient research facilities in laboratories, financial aid, experi-
enced mentors, and motivation for research play vital roles in the limited understanding
of research among undergraduate pharmacy students [25]. Furthermore, process com-
plexity, limited social interactions, poor communication, depression among students
and old curricula also influence undergraduate students’ research activities [26].

An Indonesian study supported the findings of the current study and highlighted
that many pharmacy students struggled to understand their career orientation and high-
lighted a lack of effective institutional career guidance to the students [27]. In contrast,
an Arabian study highlighted that the institution provided career guidance services but
that only a limited number of students reached out to a career counsellor [28]. Another
study highlighted the better satisfaction of students with the career development services
offered at their institution but recommended networking with alumni, exposure to dif-
ferent pharmacy careers and a potential focus on the job searching process [29]. How-
ever, not all student populations are equally uninformed. For example, one study re-
ported that pharmacy students in another setting had a relatively good understanding of
career options in the pharmaceutical and healthcare sectors, suggesting that access to
information and guidance may differ by institution or region [30]. Overall, career deci-
sion-making is multifaceted: opportunities for growth, self-esteem and self-efficacy,
family and peer influence, psychological factors, the presence of a family business, and
gender have all been identified as important determinants of pharmacy students’ career
choices [31,32,33,34,35].

With respect to job readiness, the results of the current study are supported by a
Saudi study highlighting better job readiness among pharmacy students and fresh grad-
uates, with many focusing on professional roles in pharmaceutical marketing [36]. How-
ever, a study on pharmacy interns reported that workplace supervisors reported defi-
ciencies in the communication skills and level of confidence of the interns [37]. Similarly,
an Australian study highlighted that an excessive academic workload and a limited un-
derstanding of the healthcare system can limit the work readiness of new healthcare
graduates [38]. Moreover, personal characteristics such as social intelligence, practical
competence, and organizational acumen have been associated with contributing signifi-
cantly to the job readiness of a fresh graduate [39,40].

In terms of career orientation, our results are in line with those of previous studies
that highlighted that Pharm.D. Students tend to focus on traditional professional phar-
macy roles. A study revealed that a majority of final professional-year pharmacy students
were interested in clinical pharmacy, pharmaceutical manufacturing and quality control
[41]. Similarly, an Arabian study highlighted the preference of pharmacy students for ca-
reers in hospital and community pharmacy settings; similarly, another study highlighted
considerable interest among pharmacy students in working in research institutes, phar-
maceutical companies, or hospitals [42,43]. In Pakistan, a comparable trend is observed
among undergraduate pharmacies and traditional roles in hospitals or community phar-
macies, followed by academic positions and professional roles in the pharmaceutical in-
dustry [44]. This inclination toward the traditional position is predictable, as the phar-
macy curriculum itself emphasizes core practice areas and thus naturally channels stu-
dents toward those professional pathways [45]. Additionally, external factors, such as the
desire to serve in the public sector, salary expectations, preferred working hours, the
work environment and geographic location, expected career growth, and even demo-
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graphic factors, including gender, can significantly influence the career preferences of
pharmacy students [46,47].

The comprehensive scope and context specificity are among the major strengths of
this study, with a potential focus on assessing academic performance, job preparedness,
and sector-specific career awareness among pharmacy students. However, the sample
was drawn from a single public-sector university, which may limit the generalizability of
the findings of the current study to other institutions. The cross-sectional design depicts
perceptions at one point in time and cannot establish causality or account for changes as
students’ progress into their professional careers. The study also did not include qualita-
tive methods to explore insight into the causal reasons or thought processes behind many
of the observed trends. Furthermore, the study focused only on students in their fourth
and final professional years for job preparedness and intentions to pursue specific ca-
reers in pharmaceuticals but did not pursue actual career outcomes after graduation, an
area that future research could explore.

The study recommends incorporating qualitative research in the same area to better
understand the personal motivations, concerns, and decision-making processes of phar-
macy students for career choices. Universities offering graduate degree programs in
pharmaceutical sciences should strengthen the career preparation of students by estab-
lishing career counseling services and proactively encouraging the participation of stu-
dents. Faculties may be made part of career-focused seminars and workshops so that stu-
dents can develop a better understanding of pharmaceutical careers and related compe-
tencies for career planning and securing positions successfully in organizations. Stu-
dents should also be exposed to a wider array of pharmaceutical careers and pathways
through alumni networking events, mentorship programs with professionals from mul-
tiple pharmaceutical sectors, and career fairs that also include nontraditional pharma-
ceutical roles and opportunities for graduates. The provision of research opportunities
to undergraduate pharmacy students as well as internships in both clinical and industrial
settings can further enhance their practical skills and confidence. By implementing such
changes, pharmacy institutions and regulatory bodies can better prepare fresh pharmacy
graduates not only to excel academically but also to successfully steer diverse pharma-
ceutical career opportunities.

5. Conclusions

Pharmacy undergraduate students demonstrated a moderate level of academic per-
formance and a reasonable level of awareness of traditional pharmaceutical career path-
ways; however, notable gaps exist in their understanding of nontraditional roles and in
overall job readiness. The findings highlight that academic performance does not trans-
late into sector-specific career orientation or practical job-seeking expertise among phar-
macy students. Specifically, limited research exposure, low interview preparedness, and
insufficient career guidance underline critical gaps in current pharmacy degree pro-
grams from the point of view of the pharmaceutical career. This study highlights the ur-
gent need to introduce career counseling programs, capacity-building workshops, and
exposure to diverse career pathways to ensure that fresh pharmacy graduates are well
trained to traverse into an evolving competitive job market.
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Abstract

Diabetes mellitus (DM) is an illness caused by either a relative or absolute loss of insulin; it is highly
prevalent worldwide. The role of standard treatment guidelines (STGs) is fundamental to ensure
positive treatment outcomes for type 2 diabetes mellitus (T2DM), as they promote rationality in
prescriptions. This descriptive cross-sectional study aimed to determine healthcare providers’ per-
ceptions of STGs for T2DM management, perceived barriers to T2DM management, and percep-
tions of the effectiveness of oral antidiabetics. Furthermore, the study also examined the associa-
tions of knowledge with the dose of antidiabetic agent, sector of employment and clinical experi-
ence. This study included 150 healthcare providers working in public and private tertiary care fa-
cilities in Islamabad. A relevant expert-verified questionnaire was employed in the study, and data
were gathered via a convenient sampling technique. The results of the study revealed that 38.67%
of the providers were from the public sector and that 61.33% of the providers were from the private
sector. A total of 87.33% of the providers agreed that current antidiabetic drugs are effective, and
77.33% supported combination therapy; 64.00% reported that STGs are cost effective, and 94.67%
underlined the importance of educational program treatment outcomes; 88.67% of the providers
highlighted patient-related barriers, 80.67% highlighted limited guideline availability, and 80.00%
highlighted a lack of prescriber awareness as major barriers in the implementation of STGs.
Glimepiride by 82.00% of providers and metformin by 73.33% of providers were rated as most ef-
fective, whereas glibenclamide was the least preferred agent by 61.33% of providers. The level of
knowledge varied, with sector showing a significant association (p = 0.001), whereas experience
had no significant impact (p = 0.503). The study concluded that healthcare providers support the
effectiveness of oral antidiabetics and the use of combination therapy, and the role of treatment
guidelines in T2DM management, patient-related barriers, limited access to STGs, and discrepan-
cies in knowledge across sectors remain major challenges in T2DM management.

Keywords

Type II diabetes mellitus; Standard treatment guidelines; Rational prescribing; Pharmacy practice;
Healthcare provider perceptions; Prescribing practices

1. Introduction

Diabetes mellitus (DM) is a complex metabolic disorder that is characterized by ei-
ther a relative or absolute deficiency of insulin secretion by the pancreas in the human
body [1]. The clinical features of this disease include impaired glucose tolerance and
dysregulation of lipid and protein metabolism [2]. The global incidence of type 2 diabetes
mellitus (T2DM) has been assessed over the past two decades through the DiaMond Pro-
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ject, which provides comprehensive data on newly diagnosed and existing cases from
both developed and developing countries and maintains registries of patients diagnosed
with T2DM [3]. Approximately 24 such registries are operational in the USA; the esti-
mated prevalence of diabetes in the USA was 35 million in 2000, with a projected increase
to approximately 64 million by the year 2025. Moreover, 52% of these cohorts are resi-
dents of the Caribbean and Latin America, where the prevalence of diabetes is expected
toincrease to 62% by the year 2025, accounting for 40 million individuals with T2DM [4,5].
In Australia, the prevalence of diabetes is recorded to be 7.4%, with an additional 16.4%
of the population classified as diabetic; this figure has increased twofold since 1981, a
tendency that cannot be attributed solely to demographic shifts or rising obesity rates [6].

The prevalence of diabetes in developing nations is a significant public health chal-
lenge, with females being affected by T2DM compared with their male counterparts; 32%
of Asian Indians in Tanzania and 28% of urban male Micronesians in Kiribati have T2DM.
Age-specific analyses revealed a consistent, directly proportional trend toward an in-
crease in T2DM incidence with increasing age. In developing countries, there is a consid-
erable burden of T2DM; 20% to even 50% of cases remain undiagnosed and are not re-
ported at any healthcare facility [7]. Specifically, in Pakistan, the incidence of T2DM is
increasing, and the World Health Organization (WHO) indicated that 11.77% of the pop-
ulation is affected by this condition, with males accounting for 11.20% and females ac-
counting for 9.19% of the reported cases [8]. These statistical figures highlight T2DM as a
growing public health disaster in developing countries, demanding the urgent attention
of healthcare providers and interventions in both clinical and community settings [9].

Adherence to standard treatment guidelines (STGs) is important to ensure that
healthcare providers appropriately prescribe medicines by considering the dose, fre-
quency, route of administration, bioavailability and overall clinical effectiveness of the
drug to improve the clinical condition and symptoms of patients [9]. Various factors con-
tribute to variations in prescribing trends and practices by healthcare providers for pa-
tients with similar clinical features, requiring adherence to STGs for appropriate clinical
outcomes [10]. These guidelines are usually developed by health organizations or regula-
tory bodies on a national or regional basis, and it is legally binding upon the government
of the land to implement them uniformly across the country to maintain consistency in
treatment protocols.

In the management of T2DM, multiple factors, such as prescribing patterns, treat-
ment costs, and adherence to guidelines by prescribers, play important roles in optimiz-
ing clinical care and treatment outcomes [11]. Adherence to treatment includes both the
patient’s commitment to follow prescribed regimens and the physician’s compliance
with healthcare regulations and standardized clinical protocols [12,13]. Improved adher-
ence not only enhances glycemic control but also reduces the risk of diabetes-related
complications in most patients with T2DM [14]. Therefore, improving both provider and
patient compliance with STGs is key to the successful management of T2DM worldwide.

Understanding the perceptions of healthcare providers of oral antidiabetics, partic-
ularly their clinical effectiveness and efficacy when used in combination therapy, is im-
portant for evaluating prescribing practice trends for the management of T2DM [15]. Sim-
ilarly, assessment of the perceived clinical effectiveness and implementation of STGs and
understanding of patient-related barriers and institutional limitations helps in the iden-
tification of loopholes in the system and draws attention to collaborative actions with in-
tersectoral approaches to address these issues [16]. Furthermore, knowledge among
healthcare providers regarding appropriate doses of antidiabetics is essential for safe and
effective management of T2DM. This study was conducted to assess the perceptions of
healthcare providers on STGs for T2DM management, perceived barriers in T2DM man-
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agement, and perceptions of the effectiveness of oral antidiabetics. Furthermore, the
study also examined the associations of knowledge with the dose of antidiabetic agent,
sector of employment and clinical experience.

2. Materials and methods
2.1. Study design

This descriptive cross-sectional study was conducted over a period of three months,
from January to March 2024.

2.2. Ethical approval

Ethical approval for the study was obtained from the Ethical Review Committee of
Hamdard University, Islamabad (No. HU/ERC/2024/269).

2.3. Study setting

The study was conducted in Islamabad, the capital city of Pakistan, which comprises
an urban area of 220.15 square kilometers and a rural area of 466.20 square kilometers.
The city has a population of 2,003,368 and a literacy rate of 88% [17,18]. The city has sev-
eral public and private tertiary healthcare facilities, many of which provide specialized
diabetes care services.

2.4. Study population

The study targeted healthcare providers (medical officers and consultants) working
at public and private tertiary healthcare facilities in Islamabad.

2.5. Inclusion and exclusion criteria

The study included all healthcare providers, including physicians and consultants,
who held a valid medical license, were employed at public or private tertiary healthcare
facilities, and were directly involved in clinical decision-making and patient care, with a
minimum of two years of relevant working experience. However, healthcare providers
who did not provide written informed consent were excluded from the study.

2.6. Sample size and sampling technique

The sample size for this descriptive cross-sectional study was calculated via the
OpenEpi sample size calculator, assuming a 95% confidence level (Z =1.96), a 5% margin
of error (d), and an estimated prevalence of 6.00% on the basis of a prior study in Pakistan
reporting that only a small proportion of physicians followed the diabetic guidelines
[19,20]. The minimum sample size required was calculated to be 87, but it was increased
to 174 to account for nonresponders and to strengthen the validity of the findings of the
study. A convenient sampling technique was used to target healthcare providers at ter-
tiary-level healthcare facilities.

2.7. Study instrument

A semistructured questionnaire was developed on the basis of the WHO guidelines
for the standard care and clinical practice of T2DM [21]. It was assessed by field experts
for content validity and pilot tested on 10 respondents whose data were not included in
the final analysis.
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2.8. Study measures

The questionnaire collected sociodemographic information of the healthcare pro-
viders, including type of hospital (public or private) and years of clinical experience. The
second section of the questionnaire captured the responses of healthcare providers re-
garding T2DM management via a 3-point Likert scale (disagree, neutral, agree) across
four major domains: perceived effectiveness of currently available antidiabetic medica-
tions, appropriateness of combination therapy in clinical practice, perceived impact of
STGs on cost-effectiveness, and the role of educational programs in improving T2DM
management. The third section of the questionnaire collected information on barriers
perceived by healthcare providers for the management of T2DM by using the same 3-
point Likert scale across five areas, including patient-related factors (noncompliance, so-
cioeconomic constraints, and literacy levels), the availability of STGs, a lack of prescriber
awareness, the clinical experience of healthcare providers in decision-making, and alack
of STG enforcement at healthcare facilities. The fourth section of the questionnaire as-
sessed healthcare providers’ perceptions of the clinical effectiveness of oral antidiabetics
as monotherapies and combination regimens. The respondents had to rate each effec-
tiveness of each drug on a 3-point Likert scale (least effective, neutral, most effective).
The final section of the questionnaire evaluated the knowledge of healthcare providers
regarding the appropriate dosing of commonly used oral antidiabetics. This section of
the questionnaire included multiple-choice and true/false items evaluating key areas of
clinical practice, such as initial and maintenance dosing, the maximum recommended
dose, adjustment of the dose in patients with renal impairment, and contraindicated
drugs. Each correct response was given one point, whereas incorrect or unanswered
items received zero points, resulting in a total possible score ranging from 0-10 for the
section.

2.9. Data collection procedure

The initial phase of the data collection consisted of training the data collection team
by the relevant experts, followed by training, and the data collection team was then sent
to the targeted healthcare facilities. Prior permission for data collection was obtained
from the concerned authorities of the targeted healthcare facilities. Informed written
consent was obtained from the healthcare providers eligible for the study who were will-
ing to participate in the study, and the study objectives were clearly explained to the re-
spondents. Data were collected via face-to-face interviews with healthcare providers
with the help of the developed semistructured questionnaire.

2.10. Data analysis

The data were analyzed via IBM SPSS Statistics version 25. Descriptive statistics, in-
cluding frequencies and percentages, were used to summarize categorical variables. The
chi-square test was applied to assess the associations between knowledge of oral antidia-
betic drug dosing and healthcare provider characteristics, including sectors of employ-
ment (public or private) and years of clinical experience. A p value of less than 0.05 was
considered statistically significant.

3. Results

Among the 174 healthcare providers, 150 completed face-to-face interviews, for a
participation rate of 86.21%. Among them, 38.67% (n = 58) were from public hospitals,
and 61.33% (n =92) were from private hospitals. In terms of clinical experience, 9.33% (n
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= 14) had less than one year, 32.00% (n = 48) had 1 to 5 years, 27.33% (n = 41) had 6 to 10
years, and 31.33% (n = 47) had more than 10 years of experience.

Table 1 shows that 87.33% (n = 131) of healthcare providers agreed on the effective-
ness of the current antidiabetic drugs available in hospitals, whereas 12.67% (n = 19) dis-
agreed. Regarding the appropriateness of combination therapy, 77.33% (n = 116) agreed,
and 22.67% (n = 34) disagreed. For the impact of STGs on cost-effectiveness, 64.00% (n =
96) agreed, and 36.00% disagreed. A large majority, 94.67% (n = 142), agreed that educa-
tional programs play a role in improving T2DM management, with only 5.33% (n = 8)
disagreeing.

Table 1. Perceptions of T2DM treatment and STGs.

. Disagree Neutral Agree
Variable
Frequency (%) Frequency (%) Frequency (%)
Perceived effectiveness of current drugs in hospitals 19 (12.67) 0 (0.00) 131 (87.33)
Appropriateness of combination therapy in clinical practice 34 (22.67) 0 (0.00) 116 (77.33)
Standard Treatment Guidelines' impact on cost-effectiveness 54 (36.00) 0 (0.00) 96 (64.00)
Role of educational programs in improving T2DM management 8 (5.33) 0 (0.00) 142 (94.67)

Table 2 shows that 88.67% (n = 133) of healthcare providers agreed that patient-re-
lated factors are a barrier in T2DM management, whereas 11.33% (n =17) disagreed. With
respect to the availability of guidelines, 80.67% agreed that it was a barrier, and 19.33%
(n=29) disagreed. Similarly, 80.00% (n =121) identified a lack of prescriber awareness as
a barrier, with 20.00% (n = 30) disagreeing. Most respondents (94.67%, n = 142) agreed
that the prescriber’s clinical experience plays a critical role in T2DM management, and
5.33% (n = 8) disagreed. Additionally, 80.67% (n = 121) considered a lack of guideline en-
forcement a barrier, whereas 19.33% (n = 29) disagreed.

Table 2. Perceived barriers in T2DM management.

. Disagree Neutral Agree
Variable
Frequency (%) Frequency (%) Frequency (%)
Patient related factors 17 (11.33) 0 (0.00) 133 (88.67)
Availability of guidelines 29 (19.33) 0 (0.00) 121 (80.67)
Lack of prescriber awareness 30 (20.00) 0 (0.00) 120 (80.00)
Prescriber’s clinical experience 8 (5.33) 0 (0.00) 142 (94.67)
Lack of guidelines enforcement 29 (19.33) 0 (0.00) 121 (80.67)

Table 3 indicates that glimepiride was viewed as the most effective monotherapy by
82.00% of the respondents (n = 123). This was followed closely by metformin and
gliclazide, both of which were rated as effective by 73.33% of the respondents (n = 110
each), and pioglitazone, which was rated as effective by 72.00% (n = 108). In terms of
combination therapies, respondents showed a stronger preference for combination ther-
apies than for monotherapies, as evidenced by the higher percentage of providers rating
these combinations as the most effective. Metformin combined with glimepiride was
considered the most effective drug by 80.00% of the providers (n =120). This was followed
by metformin with gliclazide, which was rated effective by 74.00% of the respondents (n
=111), and metformin with pioglitazone, which was rated effective by 70.67% (n = 106).
Glibenclamide was rated as the least effective, with only 61.33% of respondents (n = 92)
considering it effective and only 38.67% (n = 58) rating it as the most effective.
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Table 3. Perceived effectiveness of oral antidiabetic drugs (OADs).
. Least Effective Neutral Most Effective
Variable
Frequency (%) Frequency (%) Frequency (%)
Metformin 40 (26.67) 0 (0.00) 110 (73.33)
Pioglitazone 42 (28.00) 0 (0.00) 108 (72.00)
Gliclazide 40 (26.67) 0 (0.00) 110 (73.33)
Glimepiride 27 (18.00) 0 (0.00) 123 (82.00)
Metformin + Glimepiride 30 (20.00) 0 (0.00) 120 (80.00)
Metformin + Pioglitazone 44 (29.33) 0 (0.00) 106 (70.67)
Metformin + Gliclazide 39 (26.00) 0 (0.00) 111 (74.00)
Glibenclamide 92 (61.33) 0 (0.00) 58 (38.67)

Table 4 shows a statistically significant association between healthcare providers’
sector of employment and their knowledge of oral antidiabetic drug dosing (p = 0.001).
Among the public sector respondents, 34.48% had poor knowledge, 48.28% had moderate
knowledge, and 17.24% had good knowledge. In contrast, in the private sector, 20.65%
had poor knowledge, 43.48% had moderate knowledge, and 35.87% had good knowledge.
No statistically significant association was found between years of clinical experience
and knowledge level (p = 0.503).

Table 4. Associations between knowledge of oral antidiabetic dose, sector, and experience.

Knowledge Level
Variables N Poor (0-3) Moderate (4-6) Good (7-10) Degree of pValue
(N=39) (N=68) (N=43) Freedom (df)
Frequency (%) Frequency (%) Frequency (%)

Public sector 58 20 (34.48) 28 (48.28) 10 (17.24) ) 0.001"
Private sector 92 19 (20.65) 40 (43.48) 33 (35.87)
<1year 14 5(35.71) 7 (50.00) 2 (14.29)

1-5years 48 13 (27.08) 24 (50.00) 11 (22.98) ) 0,503

6 - 10 years 41 9 (21.95) 17 (41.46) 15 (36.59)
> 10 years 47 12 (25.53) 20 (42.55) 15 (31.91)

" Data were analyzed via chi-square test. " Significant value (p < 0.05).

4. Discussion

The findings of the present study indicate that a significant proportion of healthcare
providers perceive the currently available oral antidiabetic medications in tertiary care
hospitals as effective for managing T2DM. Furthermore, most providers advocate for the
use of combination therapy; however, some dissent shows varying clinical perspectives.
STGs are generally regarded as beneficial for enhancing the clinical effectiveness of an-
tidiabetic therapy; however, their impact is not completely acknowledged by healthcare
providers. Continuous medical education is considered important by most healthcare
providers to improve T2DM management. Healthcare providers have identified several
barriers to the effective management of T2DM, including patient-related factors such as
nonadherence to therapy, financial constraints, and low health literacy. The clinical ex-
perience of healthcare providers is widely recognized as an important factor in clinical
decision-making, but understanding the appropriate dose of antidiabetics varies across
different healthcare sectors, with limited correlation with years of experience and the
clinical practice of healthcare providers.

A study conducted in the United Kingdom (UK) revealed that, despite the absence of
STGs in healthcare facilities, over 85% of general practitioners reported having access to
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and regularly using the National Institute for Health and Care Excellence (NICE) guide-
lines for the clinical management of diabetes [22,23]. Similarly, an Australian study high-
lighted better compliance with national diabetes care guidelines; furthermore, the guide-
lines were uniformly implemented across the country through electronic medical sys-
tems and were a part of the continuous professional education of healthcare providers
[24].

The results of our study regarding clinical effectiveness with respect to adherence
to STGs contradict those of a study from Thailand, which revealed that STG implementa-
tion significantly reduced direct medical costs while maintaining good glycemic control
among T2DM patients [25]. Moreover, healthcare providers recognized the importance
of training programs to improve T2DM management in line with a multicenter Indian
study, which revealed that frequent continuing medical education (CME) sessions in-
creased healthcare providers’ adherence to the Indian Council of Medical Research
(ICMR) guidelines for the management of T2DM [26].

The current study identified metformin and glimepiride as the most effective drugs
regarded by healthcare providers, which aligns with prescribing practices in the United
States (US), where metformin continues to be recognized as the first-line treatment ac-
cording to the American Diabetes Association (ADA), whereas glimepiride is typically uti-
lized as a second-line agent. Furthermore, in Canada and South Africa, glibenclamide has
been withdrawn from the market and is not recommended for diabetes management be-
cause of its associated risk of hypoglycemia in patients with T2DM; these findings are in
line with those of the current study in which glibenclamide was least preferred by
healthcare providers [27,28]. However, the preference of healthcare providers for com-
bination therapy is consistent with the international literature, and a study from Spain
highlighted that compared with combination therapy, monotherapy had a better effect
on glycemic control in patients with moderate-to-severe T2DM [29].

The results of the current study that indicate that STG compliance increases cost-
effectiveness contrast with the findings of German and Swedish studies, which highlight
that STGs both improve clinical outcomes and reduce unnecessary costs [30]. Further-
more, the current study revealed a statistically significant difference in the knowledge of
healthcare providers between the public and private sectors, where private-sector
healthcare providers showed higher levels of understanding of antidiabetic doses. This
finding contrasts with that of a study in Ethiopia, which revealed that public sector
healthcare providers had better knowledge of doses because of institutionalized training
programs for effective STGs implementation [31].

The study was conducted in Islamabad, and a semistructured questionnaire was de-
veloped by using WHO guidelines, which is a valuable addition to the literature. Further-
more, the study highlighted the perceptions of healthcare providers regarding STGs and
determined the associations among the public and private sectors as well as the experi-
ences of healthcare providers. However, qualitative factors for prescribing trends and
clinical practices were not taken into consideration, which remains a disadvantage of the
study.

5. Conclusions

This study revealed that healthcare providers in tertiary care hospitals of Islamabad
largely recognized the effectiveness of oral antidiabetic agents, particularly glimepiride,
metformin, and gliclazide, with combination therapies such as metformin, glimepiride
perceived as most effective for glycemic control in patients with T2DM. Most respond-
ents acknowledged the importance of STGs for rational prescribing and cost-effective-
ness; however, patient-related factors, limited guideline availability, lack of prescriber
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awareness, and insufficient enforcement were identified as key barriers to their con-
sistent use. Most healthcare providers agreed that educational programs contribute to
improved T2DM management. The study also found a statistically significant association
between healthcare sector and knowledge of oral antidiabetic dosing, with private-sector
providers demonstrating comparatively higher knowledge levels, while clinical experi-
ence showed no significant association with dosing knowledge.
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